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PREFACE. 



Man has been justly styled ^^ the noblest work 
of Grod ;'*'* and whether we consider him, in re- 
ference to his corporeal frame and functions, as 
one complete machine, or in his multitudinous 
and relative parts, and the incomparable me- 
chanism by which these are connected, and 
made to act, it may be truly said that he pre- 
sents to the astonished imagination die most 
abundant proof of the wisdom,, power, and 
beneficence of his Creator. 

Physiology is undoubtedly a science which 
may justly claim the most vital interest, since 
it is that which can alone instruct us in the 
nature of our being, secure to us the means of 
providing for our sustenance, and of partaking 
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of the joyous sensations which have been boun- 
teously provided to sweeten the journey of life. 
But Medical Physiology being a study bur- 
dened with too much technicality for common 
use, the writer of the foUo^dng work has done 
all that lay in his power to render it plain to 
readers of every class, by abstaining from 
technical expressions as much as possible, and 
giving the fullest explanation of those which 
he has been unavoidably compelled to make 
use of. 
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CHAPTER I, 

INTRODUCTORY REMARKS. 



** Op all literary exereitations* none are of to immediate concern to 
ouneWet ai those which let us into a knowledge of our own nature ; 
for these alone in^rove the heart and form the mind.**— Wabbobton. 



Wb admire the steam-eDgiDe — ^it is worthy of 
admiration — ^it is one of the greatest and most 
useful inventions of man ; but man is a machine 
that, for mechanical arrangement and accurate 
adaptation, as far surpasses it, as a natural plant 
excels an artificial flower. There is nothing like 
man in organic matter. He bears upon him, and 
within him, the impression of his Almighty Creator. 
From conception till death, he is endowed with a 
mysterious vitality ; and when his moral destiny is 
finished, life extinguishes, and his body resolves 
into the elements that composed it. This is an 
organic law of nature, inexplicable, immutable, 
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irrevocable ; and no animal is exempted from its 
fatality. 

The human body is composed of parts; each 
part constitutes a separate economy, depending on 
the whole, and the whole is sustained by its parts. 
Internally there is a strong framework of bones, 
and on these the supeiBtructure is built : over the 
bones is laid a thick bed of muscular flesh, in regu- 
lar thin layers, composed of long slender fibres, 
each layer acting like a pully, raising and depressing 
the bones at the will of the individual. To the 
extremity of each of the deep-seated muscles (over 
the bones) a piece of strong, white, tendinous cord 
is attached, and inserted into the bone, by which it 
is moved, and motion is performed ; the joints are 
mechanically constructed, and nicely adapted to 
each other, and attached by ligamentous bands that 
bind them together and prevent dislocation. In 
the bones, in the muscular flesh, and in every part 
of the body, blood-vessels, composed of arteries and 
veins, ramify in every direction, from the thickness 
of a child's wrist to an almost imperceptible thread. 
The arteries convey the oxygenised blood to every 
part of the body, to repair its waste and cause it 
to grow. The veins return the carbonised blood 
back to the heart, unfit for nutrition, to be re- oxy- 
genised by the inhalation of atmospheric air in the 
lungs, and deprived (by expiration) of the carbon 
and hydrogen that render it destructive to animal 
life. 

The heart, with its system of arteries, is exceed^ 
ingly like the system of pipes through which the 
water is distributed over a city ; an immense 
main-pipe runs along the principal street, from 
whicli lesser ones run up the smaller streets, and 
those smaller ones again give off the smallest pipes, 
wliich supply individual houses. The water is 
driven through them by an immense forcing pump^ 
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wrought by a powerful steam-engine. In the 
human body the heart represents the pump ; the 
aorta^ or great artery, represents the main-pipe, 
which gives off a number of primary branches ; 
these again give off a number of secondary ones ; 
and these divide into an infinity of minute ones, 
millions of which are invisible to the naked eye. 
And as each house in the city receives a pipe to 
bring water for its use, so in the body, each part 
receives its branch, each minute globule its twig, so 
that all may participate in the enjoyment of the 
life-giving fluid. There is, however, a set of tubes 
in the circulation which we do not see in the water- 
system of a city. There, if the water be used, it is 
allowed afterwards to run to waste. But in the 
body, after having vivified the parts by its presence, 
and deposited what was necessary for their growth 
and repair, the remaining quantity, not greatly 
diminished, is brought back again to the heart by 
the veins. Having been sent over from the heart 
through the arteries, and returned again througli 
the veins, the blood is said to have *•*' run through 
the circulation." 

The lungs of a man are estimated to contain 
about three hundred and thirty cubic inches of 
atmospheric air, when filled as full as they can 
hold, by drawing in the breath to the utmost. At 
each aet of respiration, we draw in and expel about 
forty cubic inches, so that when the lungs are at 
rest, after an ordinary expiration, they contain 
about two hundred and ninety cubic inches. Now, 
forty is very nearly one-eighth of three hundred 
and thirty, so that about one-eighth of the air in 
the lungs is renewed at each act of respiration. 
Besides the forty cubic inches expelled in ordinary 
expiration, we can, by an act of the will, blow out 
one hundred and seventy cubic inches in addition, 
making the whole quantity expired, amount to 
3 
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two handred and ten cabic inches. This still leaves 
one hundred and twenty cubic inches in the lungs, 
which, therefore, never collapse, but always float 
in water. 

From what has been stated, it will at once be 
known how necessary it is that all houses and 
rooms should be so built, as to contain a sufficient 
supply of air for the use of the inmates ; that there 
should alwav s be some means of renewing the air, 
as by the current produced by a fire in an open 
grate ; and that, if stoves of heated air-pipes be 
used for distributing heat, there must be at the 
same time a set of ventilating pipes, otherwise the 
apartments will speedily become unwholesome, and 
their atmosphere incapable of supporting life. If 
an individual make twenty respirations in a minute, 
he will consume eight hundred cubic inches of air 
in that time, forty -eight thousand in an hour, and 
in a day of twenty -four hours, the enormous quan- 
tity of one million one hundred and fifty -two 
thousand cubic inches. 

The smallest common flea leaps, with ease, many 
hundred times the length and height of its body, 
by the agile power of the muscles of its legs. The 
wings of the humming-bird move witb such 
astonishing rapidity, that each muscular motion is 
imperceptible to the most discriminating eye. The 
lady-bird will fly four hundred and eighty million 
times the length of its body in twenty-four hours. 
The eagle will fly fifty-four miles in an hour, and 
the canary-falcon one thousand one hundred and 
twenty-five miles in twenty-lour hours. The 
antelope will run a mile in a minnte : the elk a 
mile and a half in seven minutes ; and some men 
have travelled a hundred miles in twenty-fonr 
hours. The human heart and arteries, beating at, 
the rate of sixty- four per minute, pulsate ninety- 
two thousand, one hundred and sixty times every 
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twenty- four hoars; and often continue to beat, 
without intermission and fatigue, for eighty or 
ninety years. The middle coat of the arteries, and 
the entire heart, are muscular; and pulsation is 
accomplished by their elastic power, stimulated by 
the circulating blood. 

The power and rapidity of muscular action do 
not always depend on the comparatiye magnitude 
and strength of the muscles. The sloth is many 
thousand times larger than the flea, yet the sloth 
will only travel fifty paces per day — a journey 
which the flea will perform in a few wonderful 
leaps. The worm is many hundred times larger 
than the ant, yet the former will only crawl a few 
inches per minute, while the latter is almost con- 
stantly in rapid exercise, and carries heavy loads 
to his nest. 

Any man who understands mechanics, and ex- 
amines the mechanism of his own hand, with his 
sense of touch, bones, muscles, ligaments, blood- 
vessels, nerves, fingers and thumb, divided into 
small joints, all acting in unity, combination, and 
harmony; an das a means to an end, accomplishing 
every purpose of the mind with ease, power, and 
dignity ; will confess that chance could never have 
stumbled on such a perfect piece of mechanism, 
without a previous design and innate knowledge of 
the laws of mechanics ; and, with his mind soaring 
above the limits of materialism, he will rationally 
acknowledge and worship a First Cause, as the 
Infinite Inventor, and Omnipotent Creator of the 
human hand, which nothing less than a God could 
have planned, and executed, and made to act with 
so much ease and simplicity, harmony and adapta- 
tion, usefulness and power. How happy for man- 
kind, if this powerful instrument were only applied 
to wise and useful purposes ! 

In the abdomen we have the stomach, bo^^V^ 
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liver, spleen, pancreas, and kidneys, each and all 
performing their separate work with silence, order, 
and harmony. The stomach receives the masti- 
cated food, and, by its gastric juice digests it. It 
requires about four hours to complete healthy 
digestion. The liver pours its bile into the duo- 
dendum (or first gut), assists digestion, separates 
the nutritious from the excrementitous aliment, and 
aids the expulsion of the latter. In the upper 
region of the bowels, the lacteals (little absorbent 
vessels) suck the nourishing part of the food, and 
send it, by the mesenteric glands, into the recep* 
tacle of the chyle ; it then passes into the chyle- 
duct (transformed into a milky fluid), and ascends, 
by muscular action, contrary to the laws of gravity, 
until beneath the left shoulder it oozes into the 
left subclavian vein, and mingles with the blood. 

In the chest we have the lungs, composed of 
delicate cells and blood- vessels* receiving and ex- 
pelling the respired air. The circulating fluid 
passes from the heart into the lungs, and is there 
exposed to the action of the air we breathe. It 
parts with the carbonic acid, hydrogen, and watery 
▼apour which it imbibed in circulation, and absorbs 
oxygen ; changes from a dark purple to a bright 
scarlet- red, returns to the heart, and is sent, by 
the simultaneous action of the arteries, into every 
part of the body, to nourish and repair it. This 
extraordinary process never ceases till we die. In 
every age and clime it proceeds with the same 
regularity, without our consciousness and will. 
There are about thirty-five pounds of blood, of 
twelve ounces to the pound, in a full-grown man. 

In the hollow of the skull we have the brain — 
the most mysterious organ in nature. It is divided 
into two hemispheres, several lobes, and enclosed 
in three membranes. We have two distinct brains 
—the cerebum before, and the cerebellum behitid. 
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The spinal cord is a prolongation of the brain, 
enclosed in twenty-four bones, joined together by in- 
termediate cartliages, that render it flexible, and, by 
the nicest mechanism, prevent spinal compression. 
From the brain and spinal cord numerous nerves 
extend in every direction, from the thickness of the 
little finger to the finest gossamer thread ; giving 
life, sensation, and motion to every part of the body. 
The brain seems to be an animo-galvanic apparatus, 
in which the vital principle is generated, and the 
nerves are vital conductors. The nerves of the 
senses communicate between the mind and the 
external world, through the medium of the brain, 
The spinal cord derives its function directly from 
the brain, and gives motion and sensation (by two 
sets of nerves) to the parts supplied. The heart 
and arteries pulsate by nervous power, received 
from the brain, and are stimulated by the circula- 
tion of blood. We move our bodies by nervous 
energy, derived from the spinal cord and the brain. 
We see, hear, taste, feel, smell, eat, drink, digest, 
grow, and renew. by nervous influence* that has its 
origin in the brain. The mind resides in the brain ; 
we cannot live, think, reason, judge, nor do any- 
thing vital and rational, without the brain ; it is 
the material organ of the mind, by which it com- 
municates with the external world, and without it 
she would be a nonentity. It is her sanctum-sanc- 
torum, where she resides in mysterious silence, and 
cogitates on nature and revelation, bounds in thought 
through universal space, roams from time to eter- 
nity, and bows with adoration at the footstool of 
the Eternal. 

To make the animal machine a little world, in- 
dividualised and perfect, the external skin com- 
pletely envelopes and preserves it in complicated 
unity, and is beautifully finished by the Almighty 
hand of our infinite Creator. 
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The animal machine is self-preserving and self- 
propagating. The blood circulating in the body is 
deposited in minute quantities (wherever it is re- 
quired), and supplies the bodily waste, and repairs 
its injuries ; and all the parts of the body are com- 
posed of blood. As we begin to grow old, the 
organs that form the blood become diseased, dete- 
riorate its quantity and quality, and render it unfit 
for animal nourishment. Notwithstanding the 
perfection and beauty of the animal machine, there 
exists in its constitution a mysterious necessity for 
death. Passing the meridian of life, man gradually 
declines ; and ere three score and ten years have 
whitened his locks, and wrinkled his brow, his 
vision grows dim, his ear is no longer to be de- 
lighted with harmonious sounds. One after another 
his faculties decay, his senses yield to the influence 
of age, while his heart, once bouyant and gay, loses 
its wonted beat. His nights become wearisome 
and sleepless, and morning dawns upon him no 
longer to cheer him with its roseate hues. 

His memory, that god-like faculty of the soul, 
from the imperifections of his physical construction, 
is dimmed and treacherous, or causes him to brood 
over the sorrows of the past, calling up painful 
recollections of the bereavements and anxieties of 
times gone by. 

Yet bountiful nature has not left him without 
resource, for though the blasts of winter visit his 
weakened frame with severity, and the heats of 
snmmer cause him to languish, a well-spent life 
still leaves to his declining years the higher and 
and more exalted hopes of another and better 
world. 

His children and grandchildren gather around 
him to please and gratify him with their innocent 
sports — ^not seldom an endeared partaker of his 
joys and sorrows is seated by his side — herself fast 
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verging to the final goal, and both, far from de- 
sponding, await in peace the call that is to sum- 
mon them from works to rewards. 

Search the tomb for the remnants of Wash- 
in^rton, Franklin, Fulton, Fitch, and hundreds of 
others dear to the American heart, and they have 
vanished, yet do their memories live in the vivid 
recollections of a grateful posterity, and their 
deeds brighten many a page of their country's 
history. 

Who then that would know the nature of man, 
shall hesitate to inquire into the construction of a 
being, at once so noble and mysterious ? And to 
what science shall he appeal, but to Physiology ? 
to this study in its most accurate though familiar 
form he is here invited, to examine, ^^ What a 
piece of work is man."* 

* It is estimated that if the human race, beginning with one pair, 
were to doable once in thirty years, or if the excess of births over 
deaths were to double the population once in thirty years, then, at 
the end of three thousand years, the population is described as fol- 
lows. Take men, women, and children, at an average height of 
four feet, and imagine a vast plain of the same surface as the whole 
earth and sea. Let each person be allowed one square foot to stand 
upon, and let the "surplus population," after the plain is full, 
stand upon the heads of the others, with others again upon their 
heads, and so on. The pile would extend to a height of three thou- 
sand six hundred and eighty-eight times the distance from the earth 
to the sun (sun's distance, ninety-five millions of miles ; earth's 
radius^ three thousand nine hundred and fifty -six miles). 
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CHAPTER II. 

THE SKIN AND PERSPIRATION. 

MechsnltmoftheSkln. TheNaili. The Hair, iti vsrietiet in the 
difllsrent races of men. Eflbets of temperature on the growth of 
the hair. The cuticle at eolourlcM in the African at in the 
European. Proofs of thit. The infant Negro. The Albino, or 
** white-black man.** Popular errors respecting the colouration of 
the African, fcc. Action of disease on the skin. Perspiration, 
sensible and insensible. Precautions to be observed. Cleanliness 
indispensable to the preservation of health. Fearful consequences 
of neglect on this subject. Nature of the perspired matter. 

Thb ekin is composed of four coats, the external, 
two middle, and the internal. Ist, The external 
coat is a thin cuticle or scarf skin, easily raised by 
blistering, and whose obvious use is to pro- 
tect the more delicate nervous and vascular 
structures placed immediately beneath it. It is 
full of pores, covered with scales, perforated by 
the extremities of the perspiring and absorbing 
vessels, the ducts of ths glands of the internal 
skin, and by the hairs. The nails and cuticle are 
connected, and in diseases of the skin, if the cuticle 
separates, scales off, the nails are also pushed off ; 
and after death, they hoth separate from the true 
skin underneath them, by maceration and putre- 
faction. The cuticle and nails are equally desti- 
tute of nerves and sensation. The nails are 
composed chiefly of a membranous substance, 
which possesses the properties of coagulated albu- 
men,* and contains a little phosphate of lime. 

* The white of an egg is albumen, and is the most effective anti- 
dote luiown for corrosive sublimate, where any may have l>een ao 
unfortunate at lo take that deadly poison, by design, or otherwise, 
into the system. 
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Horns and nulls have nearly the same component 
parts. The cuticle projects over the roots of the 
nails. The nails do not become scaly and separate 
like the cuticle ; they grow from a root like the 
hair, though they are evidently a continuation of 
the cuticle. The hairs grow from bulbous roots, 
situated in the cellular membrane,* beneath the 
cuticle. The bulb is vascular (or full of vessels), 
and connected by vessels with the cellular tissue. 
It consists of a double membrane, and the cellular 
texture lying between them is filled with a bloody 
fluid. The hair arises from the bottom of the 
internal sac, and when a hair is extracted, if the 
sac or bulb be left entire, it will be regenerated. 

The European has the longest hair ; the Asiatic 
next ; thirdly, the American ; and lastly, the 
African : men of a dark sallow complexion are 
generally hairy on the breast and shoulders. There 
is very little difference in the growth of hair and 
wool ; wool grows thickest in summer, and finest 
in spring and autumn ; the fleece becomes coarse 
and hairy in a warm climate. A hair appears to 
be a kind of tube enveloped in a cuticle ; its sur- 
face is covered with scales ; hence its disposition 
to entangle with other hairs. A hair which is 
soft and flexible^ and loses its curl in moist weather, 
parts easier with its gelatine,t than a strong elastic 
hair, which retains its curl, and parts with its 
gelatine in small quantities, with difficulty. Black 
hairs are composed of an animal matter, which 
constitutes the greatest proportion, — a white solid 
oil, small in quantity; a greyish green oil, more 
abundant ; iron, the state unknown ; oxide of 
manganese, phosphate of lime, very scanty ; silica 
and sulphur. 

* The cellular membrane in animal bodies, is composed of an 
infinite number of minute cells, communicating with each other, 
f A tremulous semi-liquid substance or jelly. 

B 2 
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The human cuticle, or outer coyering, is white, 
and does not vary its hue in different individuals. 
It is as colourless in the African as in the European ; 
in the American Indian as in the Asiatic. This 
fact maj be easily proved by a very simple ex- 
periment. If we apply a cantharides (Spanish fly) 
blister to a white man's skin, it raises the cuticle, 
by causing a fluid called the serum* to form under- 
neath it. Now the skin, raised by the blister, is 
the external whitd coat which we are describing. 
If we apply a blister to a negro's skin, the cuticle 
which rises up is also white^ as white as the cuticle 
of any of us. This experiment proves, that it is 
not the external covering or cuticle which makes 
the negro black. The varied coloured skins of 
different individuals arise from other natural causes, 
which we will briefly explain, when describing the 
second coat. The cuticle is chiefly composed of a 
modification of coagulated albumen : coagulated 
albumen is that tasteless substance which consti- 
tutes the outward portion of a boiled egg. In the 
negro, the internal surface of the cuticle is darker 
and softer tlian the external. 

The second, or mucous coat, lies in immediate 
contact with the first, and is composed of numerous 
blood-vessels and nerves, which give it exquisite 
sensibility. You cannot touch any part of the 
body where the cuticle is thin, without feeling a 
sensation of contact with the second coat. It is 
white in the European, and also in the in&ni 
negro, for about six days after its birth. It then 
begins to secrete a dark coloured fluid upon its 
surface, which in the negro becomes black, and 
remains in statu guOy until he dies and decomposes 
into his natural elements. This dark* coloured 
secretion, shining through the thin external cuticle, 

* The thin tnuifpareat part of the blood. 
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gives the black hue to the African's skin. This 
secretion is yellow in the Asiatic, red in the 
American Indian, and pale in the European. The 
thickened cuticle on the palms of the negro's hands 
and the soles of his feet, by its obtuse opacity, 
]»reYents this black secretion from shining darkly 
through, and makes his thickened palms and soles 
appear much whiter than the rest of his sable 
body. The African's hue appears blackest on 
those parts of bis body where the cuticle is thinnest. 
It is the pale secretion of this coat, that makes the 
Albino,* and its bilious secretion caused by ob- 
structed bile, mingling with the circulating blood, 
makes the white man's skin appear yellow in jaun- 
dice. The varied secretions of this sensitive coat, 
modified by climate, constitution, and circumstances, 
give different colours to the different tribes of man- 
kind. The physical causes of the varied coloured 
secretions of this mucous coat are not very accu- 
rately understood by physiologists. It cannot be 
the intense heat of the African*s torrid climate 
alone that has made his skin so black; for the 
Esquimaux and Greenlanders are nearly as dark 
as negroes, although they live in an arctic climate 
of perpetual ice and snow : nor can it be cold alone 
that produces the sable skin; for the Finlanders 
and Norwegians, who live farther north, and in 
colder wintry climes than any of the inhabitants of 
the continent of Europe, are fairer in complexion 
than any one of them all. The South American 
Indians, who live on the summits of the Andes, 
exposed to perpetual cold, ice, and snow, are as 
dark in complexion as the inhabitants of the burning 
valleys beneath them, who luxuriate in indolence, 
on the soft, warm, flowery lap of everlasting 



* The Albino is a white negro. The pale secretion of the mucous 
eoat of hisskin^ which makes him white, is diseased. 
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summer. Something must be attributed to domes- 
tic and social habits, as well as to external circum- 
stances; the face of the Highland peasant girl is 
dark-brown; the Highland lady is white. The con- 
stitutional diathesis of different families, tribes, and 
nations, is modified by education, political, domes- 
tic, and social circumstances, and physical causes ; 
and these may produce all the varieties of com- 
plexion that distinguish individuals, families, and 
nations, from each other. Any one of these causes 
cannot alone induce all these changes; but the 
whole, combined and modified individually by their 
separate and mutual action on each other, may 
have produced every variety of complexion in the 
human species. In the negro, the inner part of the 
second coat is blacker than its outer surface. 

This coat is also the seat of the pleasure and 
pain communicated by the sense of touch. It gives 
us painful sensations when irritated by external 
injuries ; and pleasurable feelings, when stimulated 
by gentle contact with delightful objects. Its 
cruel laceration, from external violence, makes the 
sailor, the soldier, and slave, shrink with agony, 
when smarting under the infliction of the ignoble 
lash. The cold winter storm beating on its nervous 
sensibility makes us shiver. The summer sun, 
shining on its delicate nerves, makes us lauffuid ; 
without it, man would be incapable of appreciating 
pleasure and pain, by the sense of touch and con- 
tact with external bodies; and merely exist without 
sweet enjoyment. The earth, unadapted to his 
physical constitution, would be to him a dreary 
wilderness, where plants and lower animals alone 
could multiply and grow, and overrun its surface. 
But God, who adapts the means to the end, has 
made all things right. And every person, who 
understands the mechanism and physiology of his 



THE PKIN AND PERSPIRATION. 25 

skin, will feel gratitude to the Eternal, and praise 
Him for having made us as we are. 

Underneath the second, lies the third, or vascular 
coat. It is full of minute blood-vessels, and is best 
demonstrated when acutely inflamed. It is some- 
times very much thickened by increased vascular 
action, and then it may be distinctly seen and 
examined by ordinary ^]>rctators. It is the seat 
of the blood-vessels of the skin, and gives the red 
appearance to the cheeks, lips, and other parts of 
the body, where the external coverings are thin. 
It is the seat of the pustules of small-pox, with 
many other cutaneous diseases, especially those of 
an inflammatory nature, induced by extraordinary 
vascular action. In cases of extreme debility, such 
as typhus fever, purpura, measles, &c., it is the 
seat of the dark spots that appear like dots in the 
skin. These spots are caused by its minute ex- 
hausted vessels permitting more blood to escape 
than its feeble absorbents are able to return quickly 
into the system ; and they always indicate morbid 
debility. If these spots are formed of venous blood 
alone, the physical debility is not so extreme as 
when they are composed only of arterial blood ; 
when venous blood is effused, they are darkly 
purple; when arterial blood is effused, they are 
bright red, like scarlet, and are always a dangerous 
symptom, in the last stages of typhus fever, if the 
patient belongs to the lymphatic temperament. 

Beneath the third coat lies the fourth, the cutis 
Tera (or true skin). This is the thickest layer,* 



* In some monstrous wild animals, such as the hippopotamus and 
rhinooeros, it is so rery thick, that it cannot, without difficulty be 
pierced by an ordinary musliet ball. The true skin of the giraflRa is 
an inch and a half thick. In the megatherium, an extinct animal, it 
was more than two inches. This fact is not only demonstrated by 
many petrifactions of those animals* skins that have been found by 
geologists in the rocks that compose the interior strata of our globe ; 
but also from the actual carcass of an entire animal, found a few 
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and binds down the soft parts of our bodies, pro- 
tects them from violence and external accidents, 
and preserves their beanty, form, and symmetry, 
without any ungentle compresision, nor does it irri- 
tate the most delicate organs that lie underneath 
it. There is another important use for the skin in 
the animal economy, than merely an external 
covering to the body. It is the organ by which 
perspiration is performed ; and is, therefore, neces- 
sary for the continued vitality and health of our 
species, and of every animal that perspires. ]*er- 
spiration (or sweating,) is an excrementitious eva- 
cuation that requires to be constantly exhaled 
firom the body, to free the blood from impurity, 
and to preserve animal life from immediate disease, 
and premature death. About five pounds avoir- 
dupois of perspired matter pass through the skin of 
a full-grown man every twenty-four hours. 

There are two kinds of perspiration, sensible and 
insensible. The tenMle can always be felt and 
perceived ; for it constitutes visible sweating. The 
insensible passes off in the form of a vapour, and 
we are not so conscious of its constant evaporation. 
Sweating is a secretion of the internal coats of the 
skin, which passes through the external cuticle by 
innumerable minute pores, imperceptible to the 
eye, except by the help of a large microscope. 
When we see a person covered with large drops of 
aeeai we may rest assured that th^ have all passed 
through these minute pores ; but having been per- 
spired quicker than exhaled, they have accumulated 
on the surface, and are glistening on it like blobs 
of dew. Persons in this condition should not 
expose their bodies suddenly to a cold damp at- 

years ago, imbedded in a deep layer of everlasting lYosen tnow, on 
tlie lofty bleak coast of Russian Siberia, and where It must have been 
buried by aceident, at some remote, undefined period of the ancient 
wof Id. The icy grave was first disclosed by a Iwrge part of the coast 
falling on the beach, and leaving the animal exposed. 
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mospbere ; for oold causes the large drops to coa- 
gulate, closes the pores of the cuticle, and obstructs 
perspiration. 

If we live in a cold atmosphere, where our per* 
spiration is checked, *our yital heat is retained. If 
in a warm atmosphere, where our perspiration is 
profuse, the heat of the body is discharged;* 
hence the yaried quantities of perspiration exhaled 
in warm and cold atmospheres help to equalise our 
animal heat, and make it suitable to the exigencies 
of the different climated to which we are exposed. 
The skin sympathises with the lungs, bowels, and 
other internal organs, and generally renders them 
healthy or diseased (in combination with other 
causes), proportioned to the sanity or morbidity of 
its natural functions. Nature, it is almost unne- 
cessary to state, visits with much severity the 
habitual neglect of cleanliness, and of a due change 
of linen, by the production of numberless causes of 
cutaneous disorders ; while the sudden stoppage of 
the perspiration, gives rise to incurable internal 
maladies. The use of the bath seems absolutely 
essential to the maintenance of a healthy condition. 
In very cold countries, as in Russia, where the 
perspiration is so much checked, the vapour-bath 
has been considered as the sole means of preserving 
the population from a wide-spreading and deso- 
lating scurvy. M. Fourcault is of opinion that 
most of the diseases which prove slowly fatal to 

• In the West Indiet, it is a common expression, " When you 
cease to perspire profusely, instantly make your will." Individuals 
who perspire freely have the best chance for an extended existence in 
a tropical climate. Those who perspire with difficulty generally die 
prematurely, if exposed to the torrid sun. The less a man perspires 
in a cold, arctic clime (if only enough for animal purposes^, the 
better ; for his body thus preserves its vital heat, and is comparatively 
comtdrtable { while he who perspires profusely shivers and perishes 
with cold. Catarrh, or cold, in our climate^ is generally preceded by 
obstructed perspiration* 
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man, do so by their action on the functions of the 
skin. 

The disorders to which the skin is liable are ex- 
tremely numerous ; and many of them dangerous 
and obstinate, and some alarmingly disgusting. — 
Leprosy, for example, and elephantiasis — the former 
the lepra of the Greeks and Hebrews, the latter 
the lepra of the Arabs — are frightful and loathsome 
diseases, which at one time were found over all 
Europe. Even yet, the lepra of the Greeks and 
Hebrews, or common leprosy, is by no means un- 
frequent ; and eyen the elephantiasis, a frightful 
tubercular disease, existed yery lately so far north 
as Scotland. The Hebrew and the Gipsy race are 
still subject to common leprosy. Further observa- 
tions, however, on skin diseases, would be quite 
misplaced in a work of this kind, the proper object 
of which is to submit to the reader a concise but 
accurate idea of the structure and functions of the 
organs composing his own frame. 

The perspired matter is principally composed of 
water and carbon.* It also holds in solution several 
■alts and animal matter. The oxygen of the at- 
mosphere, combining with the carbon, forms the 
carbonic acid thrown off by perspiration. Besides 
the insensible perspiration, there is also an oily 
exudation of the glands of the skin, which appears 
to be useful in giving pliancy and softness to the 
scales of the cuticle. — (See chapter VIII., article 
Secretion and Excretion.) 

* Pure charcoal. It oonstitutct the principal element of vegetablet. 
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CHAPTER III. 

THE MUSCLES AND MUSCULAR ACTION. 

I. — A GENERAL DESCRIPTION OF THE MECHANISM AKD U6l!:S 

OF THE MUSCLES. 

The difltrence between Muscular Power and Nervous Sensibility. The 
adaptation, uses, and diseases of the cellular substance of the Mus- 
cles and Joints of the Body. Muscles of the Head and Neck. 
Enumeration of the Bones and Cartilages that form the basis of the 
Throat and Tongue. Muscles of the Throat. Muscles of the 
Shoulder-blade, See, 

Evert motion of the body is performed by its 
muscles — they move us from one place to another ; 
and without them we could not enjoy the pleasure 
of locomotion. Birds fly, fishes swim, insects run, 
and reptiles creep by muscular power. I lay down 
my arm by a layer of muscles placed below it for 
this purpose. 1 raise it by another layer placed 
above it. Into whatever position I put my body, 
turn, and twist it, the movements are not only 
muscular, but more mechanically just, than the 
motions of the nicest adjusted machinery of a 
patent chronometer, or the correctly arranged appa- 
ratus of the best high-pressure engine. 1 f I speak, 
sing, or whisper, the muscles of the windpipe and 
tongue minutely contract in almost an infinity of 
movements without my consciousness, and produce 
the sounds required, according to the exactest 
laws of oral expression and musical harmony. The 
tongue and its motions are muscular. The eyeballs 
are mechanically moved and adapted to the laws of 
optics by their muscles. The collection and com- 
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muDicatioQ of the yibrations of air by the external 
ear, and the motions of the little bones of the 
internal ear, by which sounds are conveyed to the 
auditory nerve and brain, are the result of the most 
beautifully correct and harmonious muscular action. 
The peristaltic* motion of the bowels is muscular. 
Eating, swallowing, ejecting, and dejecting, are 
simply the result of muscular power. Without the 
muscles, man would be a mere automaton, having 
the external human form without the faculty of 
locomotion, and lie inactive in whatever position he 
was placed, like a fallen statue, exposed to the 
winter storm and summer sun, without the means 
of defence, and perish, in utter helplessness, by the 
inclemency of the seasons, of nakedness, hunger, 
and thirst. If man were not endowed with mus- 
cular power, he would naturally fall forward ; and, 
according to the laws of gravity, he could not stand 
erect. It is muscular power that not only pre- 
serves his upright position, but makes him move 
slowly, rapidly, gracefully, and slovenly, as he feels 
inclined. The mechanism and adaptation of the 
muscles is based, like other mechanical action, on 
lever power — a convincing proof that our Almighty 
Creator is not only infinitely wise and provident, 
but has made and adapted them according to the 
most perfect mechanical laws. 

A muscle is composed of long slender fibres, 
which possess the power of contracting, and are 
every «\rhere enveloped in common cellular mem- 
branes ; the fibres become fewer as they approach ; 
the extremity of the muscle, and ultimately ter- 
minate, t The cellular substance (that envelopes 

* Spiral ) worm-like. The peristaltic motion of the intestines is 
performed by the contraction of the circular and longitudinal fibres 
composing their fleshy coats, by which the ohyle is carried down- 
ward, ice, 

t To prevent any miapprehension among readers, we may simply 
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them) being thus freed from the muscular fibres, 
joins more closely together, and forms itself into a 
white, round, ropj or flattened tendon — when the 
muscular fibres contract, their power is united on 
theT.tendon, and drawing it up, makes it perform 
the action of a pulley. Tendons are therefore com- 
posed, not of muscular fibres, but of the cellular 
substances with which the fibres are enveloped. 
Every muscle is supplied with arteries, veins, 
lymphatics,* and nerves; for without these they 
could neither grow, renew, nor contract. Their 
vital power is derived from their nerves. 

Muscles are of two kinds, simple and compound. 
The simple are called ventiform, when their bellies 
are large, but diminish in size as they approach their 
tendons. Theyare (Fig. l.)called parallel, when their 

Fig. 1. fibres ter- 

minate in 
abroad fi- 

brous web 

without tendons. (Fig. 2.) They are penniform, 
when their fibres *■*«• *• 

run parallel, but 
oblique to their 
tendons, like fea- 
thers on 
one side 
of a quill. 
(Fig. 3.) 

They are double penniform, when two ranges of 
parallel fibres pass obliquely into a tendon running 

mention that by mutelei— we mean those parti of the body commonly 
known by the name of lean flesh. The man who has never examined 
and studied the mechanism and Amotions of the muscles, is apt to 
conclude that the flesh is a soUd mass, without any other use than to 
cover the bones« and constitute by its bulk the external portion of the 
body. 

* Containing a colourlen fluid. 




Fig. 5. 
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along their centre. (Fig. 4.) Tiiey are douUe- 

bellied, *'*«•*• 

w here 

they have 

two bel- 

lies meeting, and inserted intu one tendon. (Fig. 

5.) They '''"'' 

are called f////// <^/'^/'^/-/y/y/'/yyr/yy<y/<^^> 

fancy- **^*^ 

shaped, 

when they are broad and thin at the origin, and 

thick at its inser- *"»«• «• 

tion into the ten- 
dcm. (Fig. 6.) 
Ill fishes the mus- 
cles are white, in 

the blood which ^'^*"'^^^^^/ 




makes them red can be washed away. 

Different muscles accomplish very different pur- 
poses. Ist. They envelope, compress, and sustain 
the internal organs of the abdomen. 2nd. They 
lengthen, shorten, or compress some organ or 
organs — such as the tongue, &c. Srd. They widen, 
or contract, certain passages. 4th. They roll, or 
move, the organs of the senses, — such as the eye, 
ear, &c. 5th. They relax, pull up, or make rigid, 
a valve, division of parts, veil of the palate, <&c. 
fith. When they are inserted or attached to bones, 
they enable us to walk, run, leap, dance, <&c. 
Some of the tendons are flat and broad like a web, 
— others radiate and spread out like fingers, — and 
some are long and round, like cords. 

Some of the muscles draw down the limb, or 
pnrt, to which they are attached, if it has a move- 
able joint, and are placed under the part of the 
body on which they act. Others elevate and ex- 
tend the moveable parts to which they belong, and 
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are placed on the superior surface. Some muscles 
also move the parts obliquely, as the oblique 
muscles of the eye, and others make them describe 
a semi-circle, as in the motions of the neck, arms, 
legs, &c. ; some eleyate the upper eyelids, &c, ; 
others contract them, as the eyebrows ; or wrinkle 
them, as the extremity of the lips. The muscles 
also act on the legs, arms, fingers, toes, &c., in 
moving them to either side. Another example of 
their power is instanced in the forearm, legs, kc. 
The beauty of the mechanism of the muscles is also 
evidenced in the abdomen, where some are trans- 
verse, others straight, oblique, &c. In short, 
muscles are as varied in form as in action, and 
perfectly adapted to the wise purposes for which 
the Great Architect of the universe has inimitably 
formed and designed them, in the sublime and 
beautiful mechanism of the living animal machine. 

II. ^THB DIFFERENOB BBTW£BN MUSCULAR POWBR 

AND NKKVOUS SENSIBILITY. 

The vital power of a muscle resides in the nerves, 
and is nervous. Its irritable power is the property 
by which it feels and acts, when stimulated with- 
out consciousness. It is an inherent principle, and 
belongs to its constitution, and remains for some 
time after death. Ligaments and tendons support 
the same weight, whether dead or alive ; but a living 
muscle that lifts one hundred pounds with ease, 
cannot, after death, raise twenty pounds without 
danger of rupture. When a muscle is newly cut 
from a limb, it palpitates and trembles for a con- 
siderable time — it cannot be nervous power that 
thus makes it irritable; for the nerves, being 
separated from their origin, are dead and powerless. 
If the heart is newly separated from the body, it 
contracts if irritated. Tlie bowels continue their 
peristaltic motion after death, until they become 



34 THB MUSCLES AMD MUSCULAR ACHON. 

stiff and cold — even in vegetable life, as in the sen* 
sitive plant, this contractile power is visibly ex- 
hibited. It is not nervous power ; for it belongs 
absolutely to the muscle, and exists, in some cases, 
without nervous vitality altogether — hence there 
is a distinction between nervous sensibility and 
muscular irritability. The former dies immediately 
with the animal ; the latter lives for a short time 
after the animal is dead. Muscles are irritable 
and contractile by the inherent principle of their 
fibres, and are sensible by the vitality communi- 
cated through their nerves. Though nerves are 
sensible, they are not contractile, and cannot per- 
form the functions of muscular fibres. 

The muscles, as formerly stated, are of two 
kinds — vohmtary and involuntary; the heart is 
stimulated involuntarily by the circulating blood-— 
the stomach by food, kc. But the voluntary 
muscles are stimulated by the nerves, and obedient 
to our will. We lift our hands and arms — jump 
and walk — dance and sing — because we will them. 
The muscles of these parts are therefore voluntary ; 
but the heart moves without our will, and is there- 
fore an involuntary muscle. The nerves do not 
move like muscles under the influence of stimuli ; 
they only convey the impressions or commands be* 
tween our will and our muscles ; but the muscles 
alone possess a contractile power, and employ it. 
Nervous power is sometimes exhausted and apt to 
change; muscular power is always perfect^ and 
ready to act when stimulated, in obedience to our 
will ; but the muscles soon lose their contractile 
power, when deprived of sensibility, by paralysis 
of their nerves. The involuntary muscles are me- 
chanically stimulated without our controul ; the 
voluntary are put into action by the impulses of 
the mind, and are under our arbitrary commands. 
The nerves of feeling and motion in the extremities 



THB MUSCLES AND MUSCULAR ACTION. 35 

come from the spinal cord. The muscles of the 
body are double, and on each side equal in number, 
action, and power; the muscles on one side 
balance the muscles on the other. If on one side 
they are paralysed, and cannot contract, those ou 
the other, exerting their usual strength, destroy 
the balance of power : in palsy of one side of the 
face this fact is visibly illustrated. If a joint be 
dislocated, the action of the muscles is violent and 
spasmodic till it be reduced ; nervous influence is 
therefore the stimulus of the voluntary muscles ; 
mechanical agents stimulate the involuntary. If a 
man be suddenly killed, the irritable power of his 
muscles survives his nervous sensibility; for his 
flesh trembles, and his absorbents continue their 
function for a while after he is dead, and his 
nervous power annihilated. In cases of suffocation, 
we sometimes restore animation after the nervous 
sensibility is suspended, and when nothing is left 
to aid our experiments but muscular irritability. 
If putrefaction has commenced, the irritable power 
of the muscles is for ever gone, and nothing can 
restore it. Sensibility therefore depends on the 
nerves — motion on the mtuclesj the one conduces 
to our pleasures and pains, and is connected with 
our intellect — the other is the prime support of 
animal life, and the source of corporeal power ; yet 
both are necessary in the living animal to produce 
locomotion. 

The length of the lever increases the mechanical 
power of the mnscle, but extraordinary lever power 
is not often required in the motions and actions of 
the human body ; for the Creator has appointed 
suflcient vital and contractile power in the muscles 
to effect every useful purpose, and at the same 
time preserve the beauty and mechanism of the 
animal machine, according to His plan of infinite 
wisdom, and Almighty power. 
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III. — ^THB ADAPTATION, USBS, AND DI8BASE8 Or THE 
CBLLULAB SUBSTANOB OF THE MU80LB8, AND JOINTS 

OF THB BODY. 

The musclea possess their own peculiar kind of 
vitality, independent of the nerves. But there is 
a substance called the cellular substance, which 
not only binds and separates the muscular fibres 
and muscles individually and collectively, but 
forms coverings for the brain and nerves — sheaths 
for the muscles, tendons, ligaments, &c., and all 
the apparatus of the joints, and unites them into 
a whole, by the extensions, divisions, and dupli- 
cations of its own proper substances. Tendons, 
or the extremities of muscles — ligaments, or the 
sinews — the membrane that covers the bones — and 
the mucous bags that fill up and lubricate the 
cavities of joints, — are composed of this cellular 
substance, which not only combines and connects 
the parts by its elasticity, but is also a medium of 
communication for the rest of the system. The 
cellular substance keeps the musics and their fibres 
separated at proper distances from each other, and 
lubricates and supports them. Its dewy softness 
makes them play easy and free, and its fat (for the 
cellular substance contains the fat of the body), 
not only supports them iu their action, but 
preserves their softness, and lubricates them so 
perfectly, that its deficiency is painful, and its 
superabundance cumbersome to the individual. 
When muscles rub on each other, the dewy soft- 
ness of the cellular substance prevents friction and 
pain ; when tendon rubs on tendon — bone on bone 
»— or muscle on tendon — the cellular substance 
assumes another form, and its little cells running 
together into one large cell, with a thicker ana 
more copious exudation, and being literally be- 
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dewed with a gelatinous mucus, prevent the bad 
effects of friction. These large cells are placed 
under rubbing tendons, and in large joints, to 
prevent friction, as circumstances require them. 
Every muscle is enclosed in its own cellular sheath, 
not only to give it pliancy, strength and form, but 
to preserve it in its proper position. 

Tendons are not only necessary as pulleys to the 
bones, but to give the limbs a proper form, and 
preserve their beautiful symmetry. Tendons are 
seldom required, except where muscles are inserted 
into bones. There is no tendon in the heart, the 
stomach, the bowels, the gullet, and bladder ; 
these do uot require them ; for their motions are 
wholly contractile, and need no lever power. But 
where tendons pass over bones, and traverse joints, 
their force is concentrated into narrower bounds, 
and their long cords being fixed to the extremities 
of the muscles, pull the bones, and raise them in 
obedience to our will. Tendons have no visible 
nerves, and have little feeling, and no motion.-— 
The expansion of the palmaris, and many other 
tendons, may be unravelled into simple cellular 
substances. The membrane which surrounds the 
bones is also a condensation of cellular substances, 
in successive layers, attached to the bones. 

Tendons are implanted into the periosteum, mix 
with it, and become part of its substance. The 
tendons of muscles sometimes separate, and form 
sheaths or rings for others. Sometimes they run in 
grooves formed in the bone ; at other times they 
expand over the bones, so as to form an entire 
sheath for the fingers and toes ; and are so firmly 
bound down, that they cannot start from the joints 
to which they are attached. 

The periosteum* of the bones is a continued 
membrane — each bone is tied to the next by its own 

• A nerrous, yascular membran*, endued with quicK leiitlbility, 
G 
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periosteuin, and between tlie end of one bone and 
the beginning of the next, the periosteum is thiok- 
ened into a hard strong bag, forming a capsule for 
the joint. The capsule contains uquor that be- 
dews the heads of the moving bones, and prevents 
friction. There are also strong ligaments or bands* 
ariding from the periosteum, that surround the 
joints, and unite them firmly on every side. 

When we cut or ii\jure a tendon, or any part of 
a joint, the pain at first is very slight ; but soon 
after, when inflammation succeeds, the pain be- 
comes excruciating. Its first action is slow ; but 
when roused, it is obstinate, persevering, and pain- 
ful. Injury and dislocation of joints are most 
acutely agonizing diseases, during inflammatory 
action, to which the body is subjected. The dis- 
eases of joints are almost infinite in variety. Joints 
are particularly subject to dropsy, gelatinous con- 
cretions, inflammations, &o. Acute rheumatism is 
an inflammatory action around the joints, attended 
with a slight efi^usion, which is soon absorbed.—* 
Chronic rheumatism is a painful and slow inflam- 
mation, with gelatinous effusion around the tendons, 
permanent swelling, and lameness of the affected 
joint. Gout in a joint is acute inflammation, at- 
tended with secretion of earthy matter in its cavity. 
Inflammation of the tendons is an attendant on 
sprains. Effusion of gelatinous mattor around the 
tendons forms a ganglion. Suppuration of the ten** 
dinous sheath is a whitlow. Inflammation of the 
mucous bags is a/uIs0 white swelling, or dropsy of 
the joint, whicli, though discharged by repeated 
punctures, yet in a few hours renews, and requires 
again to be punctured and discharged. When this 
species of dropsy in the mucous capsule of a joint 
happens to be in a scrofulous individual, it consti- 
tutes a true white swelling. This disease begins 
with inflammation of the joint, attended by pain. 
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stiffness, and loss of power. These are followed 
by profuse suppuration, destruction of the carti- 
lages,* and spontaneous opening of the joint. — 
Sometimes the disease spontaneously stops, by an 
effusion of calcareous matter, callus, and concretion 
of bones, forming a stiff joint; but more frequently 
it produces hectic fever and nocturnal sweats, with 
extreme debility ; and the emaciated patient, ex- 
hausted with fever, agony, and suffering, and 
reduced to a skeleton by morbid discharges and 
oolliquativet diarrhoea, dies without a struggle. 

lY. MUSCLES OF THE HEAD AND NEOK. 

We shall now proceed to describe the muscles of 
the head and neck, avoiding, as far as possible, all 
complexity, but at the same time rejecting nothing 
that would in anywise prove useful, or be of the 
least benefit to the general reader. There are 
about four hundred and fifty muscles in the human 
subject, two hundred and twenty-five on each side, 
with a small numerical difference in the male and 
female. The skin is supposed to be dissected from 
the accompanying figure, exhibiting the principal 
muscles of the face. 

There are four muscles in the face; the first 
covers the upper part of the skull, corrugates the 
hairy scalp, and wrinkles the forehead, when we 
express passion. The second forms part of the 
eyebrow, and wrinkles it when we frown. The 
third covers and surrounds the eyelids, presses the 
eyeball firmly into the socket, and squeezes the tears 
from the lachrymal;^ gland. The fourth spreads 
over the upper eyelid, and forms it. When ele- 

• GriiUe. a imooth* elai Ue lubstance, softer than bone« tnd without 
eells or cayitiei. 

f Indicating a morbid discharge of the animal flutds ; as a eolliqua • 
tlve feyer, which is accompanied with diarrhceat or profuse sweats ; 
a eolliquative sweat is a profuse, clammy sweat. 

i The gland that conveys the tears to the eye. 
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vated, the eye is open, whan depressed it u shut, 
aotl when paralysed it is closed. 

There are twelve muscles in the nose and mouib. 
The first extends along the noatrils, raises the 
upper lip, and widens the nostrils, especially when 
we are enraged, or spaamodicoliy cough, aa we do 
in asthma. The second forms part of the cheek 
and upper Up (as shown in Fig. 7), and puUa the 
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upper lip and septuin* of the nose directly upwards. 
The third forms part of the angle of the mouth, and 
raises it upward. The fourth forms part of the 
cheek, the comer and circle of the mouth, and 
depresses the lip. The fifth has its origin, inser- 
tion, and action, nearly the same as the last, or the 
fourth. These muscles mark the face with the 
line (which extends so visibly in some individuals) 
from the cheek-bone to the corner of the mouth, 
and pull the angles of the mouth upward, when we 
laugh, rage, or grin. The sixth assists in forming 
the walls of the cheek, flattens the cheek, assists 
us in swallowing liquids, and in tufning the morsel 
we are chewing in our mouths, and likewise pre- 
vents it getting between our teeth ; and when we 
blow wind instruments, these muscles dilate like a 
bag, and, contracting upon the wind in the mouth, 
expel it, and swell the notes. The seventh forms 
part of the flesh of the lower jaw and corner of the 
mouth, gives form to the chin and mouth, and 
expresses laughing, smiling, and other cheerful 
passions. It also assists in pulling the comer of 
the mouth downward, especially when we express 
the malignant passions of hatred, contempt, and 
revenge. The eighth lies on the sides of the chin, 
and pulls the lip downward. The ninth lies in 
the red part of the lips, surrounds the mouth, con^ 
tracts and shuts it. The tenth arises from the 
socket of the fore-teeth, goes into the root of the 
nostril, and pulls the nose and upper lip downward. 
The eleventh lies on the side of the nose, goes to 
its very point, and compresses it. The twelfth 
arises at the root of the incisort teeth, spreads on 
the centre of the chin, contracts it, and forms the 
dimple. 

The muscles of the nose and mouth are not only 

* The partition that separates the eavities of the nose, 
t The fore-teeth. 

c 2 
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useful to express our passions, but also assists us 
in performing the more important functions of 
breathing, speaking, chewing, swallowing, &c., and 
opening and shutting the mouth. Partial paralysis 
of these muscles induces a frightful distortion of 
the countenance. If one side of the face only is 
paralysed, the palsied muscles of the affected side 
cease to act, and the sound ones on the healthy side, 
still exerting their usual vigour, pull the palsied 
muscles toward the unparalysed side, and distort 
the face. 

In some individuals, when the facial muscles and 
passions are at *rest, their countenances indicate 
nothing but muscular harmony ; but whenever 
they smile, laugh, grin, or exhibit anger, their 
mouths and faces are instantly drawn to one side, 
and remain in that state till the paroxysm is over. 
This is caused by a chronic paralysis of some of 
the muscles on one side of the face having reduced 
their power, and made it unequal to their antago- 
nists of the opposite side. 

On the external ear there are eight muscles. The 
first expands on the fascia* of the temporal muscle 
behind the ear, terminates in the inner ring of the 
ear posteriorly, and lifts the ear upward. The 
second arises from the arch of the cheek, and 
passes into the outward ring of the ear. The third 
arises from the temporal bone on the side of the 
head, and is inserted into the back part of the shell 
of the ear. The fourth lies on tlie sharp point of 
the outward ring of the ear, and is inserted above 
the outward gristly substance of the ear. The 
fifth lies a little lower on the ear than in number 
iour. The sixth and seventh lie contiguous to each 
other, on the ear, anteriorly, almost in juxtaposi- 
tion. The eighth runs on the back part of the 
head from the shell to the inner ring. 

* A thin tendinous covering which lurrounds the muscles. 
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There are still a few smaller muscles, which 
also belong to the ear, move and give tension to 
its external cartilages, and prepare it for receiving 
and propagating the vibrations of the air and 
sound along its tube. These we will not here 
describe nor enumerate, because they are too minute 
for the general student to perceive, unless by actual 
dissection. 

The muscles of the eyeball are six in number. 
The first lifts the eye directly upward, and expresses 
its haughtineti and pride. The second pulls the 
eye downward, expressing modesty and humility. 
The fourth turns the eye away, expressing anger 
and eeom. The fifth, like numbers one and two, 
arises in the bottom of the eye, above, towards the 
inner side, directing its long, smooth tendon, to 
the internal angle of the eye, and there it passes 
through a cartilaginous pulley, placed above the 
eye, and projecting farther than the most prominent 
part of the eyeball. The tendinous cord then 
returns at an acute angle, and bends its centre 
downward before it can touch the eyeball ; it then 
returns back in a direction opposite the recti 
muscles, slips under the body of the rectus superior, 
and spreads under it, and upon, or behind the 
middle of the eye. Tlie sixth is a short, flat, broad 
muscle, arising from the cheek>bone, near its union 
with the eye-bone and is inserted and expanded 
on the eyeball. When the oblique muscles act to 
pull the eye forward, the recti muscles resist tbem, 
and the insertion of the oblique muscles at the 
middle of the eyeball, becomes, at that instant, a 
fixed point or axis, round which the eyeball turns. 
The conjoined action of the oblique muscles brings 
the eyeball forward from the socket. The superior 
oblique muscle, acting alone, does not bring for- 
ward the eye, but rolls it so as to turn the pupil 
downward and towards the nose. The singly 
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cction of number six is the reverse, for it returns 
the eye again upon its axis, and directs the pupil 
upward and outward. 

But it may be necessary to enter a little more 
minutely into the mechanism and physiology of 
the recti muscles of the eye, collectively and indi- 
vidually, to make the reader more easily compre- 
hend their harmony and usefulness, in making us 
accomplish a mechanically correct vision, and see 
objects as they are distinctly. The four recti 
muscles arise by flat, small tendons, round the 
margin of the optic hole, at the bottom of the 
socket, and are placed, one above, one below, and 
one on either side, and completely surround and 
adhere to the optic nerve; they then gradually 
expand upward, and with their fleshy bellies sur- 
round and cover the middle of the ball of the eye, 
and still expanding and extending upward, each 
at last terminates in a broad flat, white tendon, 
covering all the fore part of the eyeball up to the 
very circle of the lucid cornea (or window of the 
eye), and these very white and shining tendons 
anteriorly form what is called the white of the eye. 

StrdbismuB^ or squinting, is caused by one or 
more of the muscles of the eye being shortened or 
elongated ; and by the derangement of their action, 
the pupil is consequently carried out of the proper 
axis of vision. It is cured by a very simple opera- 
tion. The shortened or elongated musele is cut 
down upon and divided by a skilful operator. The 
false position of the pupil is immediately rectified 
by the division of the diseased muscle, that induced 
obliquity by its irregular action. Inflammation is 
subsequently prevented, or removed, by proper 
applications. The divided muscle in healing 
shortens, or lengthens; and, during the healing 
process, suits itself to the exigencies of the case, 
and in a short time reunites. All the muscles of 
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the eye now act in harmony, and the squinting is 
radically removed. No person need submit for 
any length of time to obliquity of vision, to long 
as he can be effectually cured by submitting to this 
simple, and not very dangerous operation. But, 
like other surgical operations, it is sometimes un- 
successful ; and a case lately happened, in which, 
after the operation by a surgeon, tlie patient was 
rendered blind <^ the defective eye. 

There are four muscles in the lower jaw. Th« 
first arises from the flat side of the parietal^ bone, 
at the side of the head. This muscle is pyramidal, 
its tendon passes under it, and is connected with 
the lower jaw, which it pulls firmly up, and when 
we bite, it swells on the flat part of the temple, so 
as to be felt outwardly. Tlie second is a short, 
thick, fleshy muscle, which gives visible rounding 
to the cheek, arises from the upper jaw-bone, and 
covers the branch ^f tlie lower jaw, quite down to 
its angle, where it is inserted. This muscle alsto 
pulls up the jaw, and when we bite, it is felt 
swelling on the back part of the cheek. The third 
arises, according to the nontcnclature of anatomists, 
from the internal plate of the pterygoidt process 
of the sphenoidj: bone, and goes inwardly to the 
angle of the lower jaw. The fourth arises from the 
«atside of the external plate of the pterygoid pro- 
cess of the sphenoid bone, aud the adjoining part 
of the upper cheek bone, and is inserted into tli« 
neck of the condyle§ of tlie lower jaw, and to the 
upright part of tlie bone and capsule of its joint. 
The lower jaw is chiefly moved by these four 
muscles. 

* The parietal bones form the sides and upper part of the skull. 
< See fig. 10.) 

f This name is applied to processes of the sphenoid bone, which 
complete the osseous or bony palate behind. 

t The bone of the basis of the skull. (See flg. 1 0. ) 

i A protuberance on the end of a bone ; a knot or joint ; a knuckle 
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Tliere are two muscles that lie on the fore part 
of the neck, and move the head. The first is a 
Tery thin muscular expansion, ppreading over the 
other muscles of the neck and throat, and ex- 
tending upward on the lower part of the face and 
lower jaw. It supports the parts of the neck, 
compresses the veins, and, in difiicult breathing, 
forces the blood down into the chest. It is more 
a muscle of respiration and circulation than of men- 
tal expression; jet in some of the most violent 
passions, it is very active and effective in their 
malignant exhibition. The second is the finest 
and most conspicuous muscle of the body, giving 
the fleshy roundness to the neck, and rising up 
when in action, it produces the most beautiful con- 
tour in the necks of men and women. It begins 
by a strong tendon from the triangular portion of 
the sternum, or breast-bone, and from the sternal 
portions of the collar-bone, by a broad and fleshy 
origin, and is inserted into the mastoid angle of the 
temporal bone, at the side of the head, "When the 
mastoid muscles act in unity on both sides of the 
head, they pull the head downward, and bring the 
chin in contact with the chest. When one only 
acts on one side of the head, it pulls the ear down 
to the shoulder, and, by twisting the neck, throws 
the chin a little up to one side. This muscle is 
subject to the disease wliich sometimes produces a 
wry neck ; and it requires a correct knowledge of 
anatomy, in some cases, to discover whetlier the 
distorted neck arises from disease or palsy of the 
mastoid muscle, or an affection of tlie spine. 

V. ENUMERATION OF THE BONES AND CARTILAGES 

THAT FORM THE BASIS OF THE THROAT AND 
TONGUE. 

Before describing any moro of the muscles, we 
will briefly enumerate the bones and cartilages that 
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form the basis of the throat and tongue, and are the 
centre of their motions. The first is a small bone 
(resembling the lower jaw-bone) that forms by its 
basis the root of the tongue, and is sometimes called 
the bone of the tongue. Its horns keep the gullet 
and windpipe extended, and it is the centre of the 
motions of the tongue and muscles of the throat* 
The windpipe conveys the air to the lungs. The 
head of the air-tube is formed like a flute, for the 
modulation of the voice, and is composed of several 
gristly rings (or cartilages), that it may stand firm 
and uncompressed ; were it otherwise, the windpipe 
would be liable to collapse, and induce suffocation. 
It has five principal cartilages :-^the first makes 
that prominence on the middle of the throat, 
called '^ Adam's apple." It has two long horns at 
its upper corners^ which rise like hooks above the 
line of the cartilage, and are joined to the horns of 
the bone of the tongue. The second cartilage lies 
next the first, and below it, and on its back, or 
deeper part, internally, are seated two small car- 
tilages (gristly rings), which, with their ligaments, 
form the opening of the windpipe, for the admis" 
sion of air into the lungs. The third and fourth 
are seated within the prominence on the middle of 
the throat (or Adam's-apple, which has been 
described under number one, or first head, as above), 
and are covered with the common membrane of the 
throat, which is thick, and full of mucous glands ; 
and between these ligaments, the chink* is formed 
for opening a passage into the tube of the windpipe. 
The voice is, in a considerable degree, formed by 
the motion of these cartilages with their ligaments ; 
and the action of their muscles is so exquisitely 
minute, that for every change of tone, and there 
are thousands of changes in the human voice, they 
move in a proportionally minute degree to effect it. 

• A finall ftperturt lengthwise. 
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The fifth and last cartilage under this head, is con- 
nected to the first (Adam's -apple, as already 
described), and to the bone and root of the tongne, 
and in action executes the part of a key to a wind 
instrument. It defends and shuts the opening into 
the windpipe, especially when we swallow food, or 
liquids, and by covering the openings, prevents the 
smallest morsel, or drop, from entering the wind- 
pipe ; for a morsel passing into the windpipe would 
cause instant suffocation and death. The rareness 
of such accidents indicates its perfect mechanism 
and utility, and causes us to admire the infinite 
wisdom and skill of our Almighty Creator and 
Preserver. 

TI. — MUSCLES OF THE THROAT. 

There are three muscles on the throat, which 
pull it downward. The first is a broad, flat, 
riband- like muscle, passing from the breast- bone 
to the bone, or root, of the tongue. It pulls the 
throat directly downward. The second muscle is 
a flat, smooth, riband-like muscle, thicker and 
flesher than the former, very uniform in bulk, and 
passes from the prominence (Adam's apple), and 
pulls the throat downward. The third is a long, 
slender muscle, reaching from the shoulder to the 
root, or bone, of the tongue. If this muscle acts 
singly, it pulls the throat to one side ; if both act, 
one on each side, their power is equally balanced, 
and they assist the two former in pulling the throat 
directly downward, and at the same time it presses 
the windpipe downward and backward. These 
three muscles are almost continally in action, and 
are only completely relaxed when we are eating — 
their relaxation permits the throat to be drawn 
upward, and the mouth thrust a little backward, 
which always happens during swallowing, which 
cannot be performed otherwise. 



THE MUSCLES AND MUSCULAR ACTION. 49 

There are four muscles on the neck that pull the 
throat upward. The first is a flat, broad muscle 
(rising from the whole semi-circle of the lower jaw), 
and divided by a tendinous white substance down 
its middle, in a line with the chin, and inserted at 
the base of the bone, or root, of the tongue. Some 
anatomists divide this muscle into two, and then 
call them distinct muscles. The second is a neat 
pair of muscles, beautiful, and radiated, arising 
from a small tubercle (a small swelling) behind 
the chin, implanted into the basis of the bone at 
the root of the tongue. The sub-maxillary* gland 
lies between this muscle and the omo-hyoideus,t 
and in the middle, the duct of the gland pierces the 
membrane of the mouth, to open beneath the root 
of the tongue. The myo-hyoideus,J and genio- 
hyoideus§ (the outlandish name of another muscle), 
move the bone of the tongue forward and upward, 
when the lower jaw is fixed ; but when the bone 
of the tongue is fixed by the muscles that come 
from the breast-bone, they pull the jaw down- 
ward. The third is one of three beautiful slender 
muscles arising from the middle of the temporal 
bone,|| and is fixed into the side of the bone of the 
tongue. Its fibres split above its insertion, and 
form a neat, small loop for the passage of the ten- 
don of the digastric muscle, f The one of the 
other two muscles is inserted into the opening of 
the gullet (or, in medical phraseology, into the 

\ * Pertaining to the Jaw. (See fig. 10.) 

f A muscle which pulls the bone at the root of the tongue obliquely 
downward. 

i Names compounded of this word applied to certain muscles 
attached near the grinder teeth. 

^ We regret, notwithstanding the explanations we have given, to 
be under the necessity, in this article, of using another of these 
absurd names— relics of a barbarous age. 

I Two irregular bones on each side of the head. (See fig. 10.) 

If A double muscle attached to the bone or root of the tongue, at 
- the middle. 
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pharynx), and the other into the tongue; their 
common action is to draw back the tongue, and 
pull up the throat. The fourth is a double- bellied 
muscle ; the one belly arises from the root of the 
mastoid^ process, and, proceeding obliquely for- 
ward and downward, passes by the side of the 
bone of the tongue, slips through a loop, and is con- 
nected by a tendinous bridle to the side of the bone 
of the tongue ; and then, turning upward towards 
the chin, ends in a second fleshy belly, which is 
inserted into the lower jaw, on the inside of its 
circle. This muscle, along with the beautiful 
muscle (constituting one of three alluded to in the 
first part of the third head), pulls the throat 
upward and backward. 

There are seven muscles on the throat that move 
the parts and the cartilages of the windpipe upon 
each other. The first goes from the prominence 
in the throat, called Adam's apple, to the bone of 
the tongue, and compresses and shortens the wind- 
pipe. The second muscle of this series passes from 
the upper edge of the cricoid,t to the lower margin 
of the prominence in the throat, or Adam's apple, 
and also compresses and shortens the windpipe. 
The third contracts the glottisj: by drawing the 
cartilages towards each other. The fourth muscle 
arises from the root of one of the last, and goes 
obliquely into the other, draws them together, and 
closes the opening of the windpipe. The fifth is a 
small pyramidal muscle, arising from the back of 
the thyroid cartilage (Adam's apple). It pulls a 
series of cartilages (called by anatomists the aryte- 
noid cartilages) directly backward, and lengthens 

* Nipple-like protnberanoet of the bonei. 

t Ring shaped. A eftrtilaipe of the larynx if hence called the cri- 
coid cartilage. 

% The narrow opening at the upper part of the windpipe, which, 
hy its dilatation and contraction, contributes to the modulation of tlM 
▼oice. (Sceflg. 19.) 
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the slit of the glottis, and by closing it neatly, pro- 
duces some of the most delicate modulations of the 
"voice. The sixth muscle under this head, comes 
from the side of a ring-shaped cartilage, called the 
cricoid (and which has been already explained). 
It is implanted in the arytenoid cartilages. Jt 
pulls them asunder, and slackens the lips of the 
opening of the windpipe. The seventh, or last 
muscle under this head, arises from the posterior 
surface of the wing of the cartilage, which causes 
the prominence in the throat, called Adam's apple. 
Its tendency is to slacken the ligaments and widen 
the glottis. 

There is yet another muscle, which has been 
divided by Albinus into major and minor; but 
it is frequently wanting. There are also a set of 
fibres, under the frightful anatomical appellation (of 
the ancient Egyptians, or some such kind of folks, 
who delighted in hieroglyphics) of ^^ aryteno>epi- 
glottideas," but as they are missing in many sub- 
jects, we will not tire our readers with a descrip- 
tion of them. When the masticated morsel in the 
mouth, after being chewed, is prepared to be swal- 
lowed, the curtain of the palate, depending on the 
posterior part of the mouth, is drawn upward, and 
the opening of the throat is expanded. But when- 
ever the morsel has passed down into the gullet,^ 
the curtain of the palate again falls down ; for 
when the arch of the throat is contracted, and the 
gullet is compressed by its own muscles, the food 
is then forced downward into the stomach, more 
by muscular action than by its own gravity. In- 
deed, the muscles of the throat can perform this 
function very easily against the laws of gravity 
altogether; for, sometimes we see showmen and 
mountebanks with facility swallowing food and 

• Anatomists and medical men call the gullet the "tesophafui.** 
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liquids, while standing erect on their heads, with 
their feet uppermost, merely to elicit money and 
applause from their spectators. 

There are eleven muscles belonging to the palate 
and pharynx,* which will now be briefly described. 
The first is that curtain which hangs at the back of 
the throat, known to commoners by the name of 
the palate, although, in works on anatomy, it has 
the musical appellation of vellum-pendulum-palati. 
The second is the only muscle belonging to this 
pap, or palate, and pulls it upward, to keep it out 
of the way of the morsel about to be swallowed, 
after mastication. The third spreads over the 
palate, which it pulls up when food is about to be 
swallowed, and also prevents the food from passing 
up to the nostrils, by spreading the curtain or 
palate backward, and protecting the passage. It 
also protects the mouth of the internal opening of 
the ear, and prevents the food from passing into it. 
The third arises from the sphenoid bone, or bone 
of the basis of the skull, and the beginning of the 
internal opening of the ear, at the back part of the 
mouth : it runs along the tube (of the ear), and 
becoming tendinous, turns under the internal pro- 
cesses which complete the sphenoid bone, and 
mounts again to the side of the curtain of the 
palate ; its office is to pull down the palate, and 
by stretching it to make it tense. The fourth 
arises from the root of the tongue, on each side, 
extends to the middle of the curtain, and termi- 
nates near the middle of the palate. The semi- 
circle, which this expansion describes, forms the 

* The pharynx is that opening of the gullet which hangs from the 
basis of the skull, and is attached to the occiput or posterior bone of 
the head, aUo to the pterygoid or osseous palate behind, and the back 
parts of the jaw 'bones. It expands into a large capacious bag for the 
free reception of the morsel of food about to be swallowed, and ter* 
minates in the gullet or tube by which the food is conveyed down into 
the stomach. 
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first arch that presents itself to the eye when we 
look into the mouth. This muscle pulls clown the 
curtain and elevates the root of the tongue. The 
fifth forms the second arch of the throat, begins at 
the middle of the soft palate, and extends round 
the entry into the gullet, and terminates in the 
wing or edge of the muscle which constitutes in 
part that prominence in the throat called Adam's 
apple. The first arch belongs to the root of the 
tongue; the second to the gullet. This muscle 
contracts the arch of the gullet, and assists in 
closing it on the food passing down the gullet into 
the stomach. 

We will now briefly describe the pharynx, or 
that opening of the gullet which hangs on the basis 
of the skull, &Q. It is bounded by the root of the 
tongue and the arches of the throat. It lies flat 
and smooth posteriorly, along the bones of the spine 
(of anatomists), over which it is placed. It is pro- 
tected anteriorly, and partly surrounded by the 
cartilages of the windpipe. Its sides are embraced 
by the horns of the bone of the tongue, and it is 
covered with flat muscular fibres, arising from this 
bone and the cartilages. These fibres, spreading 
round the pharynx, are named its constrictors, be- 
cause they embrace it closely, and force down the 
masticated food by their contractions. The sixth 
(a long slender beautiful muscle) arises from the 
root of the styloid process (having some resemblance 
to a style or pen) of the temporal bone, expands on 
the side of the pharynx, and extends to the edge of 
the cartilage which forms the prominence in the 
throat, which we have already often referred to. 
It raises the pharynx to receive the morsel of food, 
and then straightens or compresses it to push the 
morsel down, and by itshold on the thyroid (Adam's- 
apple) cartilage, it commands not only the glottis, 
but the whole of the throat. The seventh ari&es 
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from the basis of the skull, the jaws, palate, and 
root of the tongue. It surrounds the upper portion 
of the pharynx, and is not one circular muscle, but 
rather two muscles divided in the middle, pos- 
teriorly, by a distinct approximation of opposite 
fibres. The eighth arises from the round point in 
which the bone of the tongue terminates, and the 
cartilage of the bone of the tongue, where its horns 
are joined to its body : it lies over the constrictor 
superior, like a second layer : its uppermost point 
touches the occipital bone, and its lower point is 
concealed by the constrictor inferior. The ninth 
arises partly from the thyroid cartilage, and partly 
from the cricoid (already explained in a note) and, 
by its oblique progession, it overlaps the lower part 
of the constrictor inferior, like the two former 
muscles ; meets its fellow in a tendinous middle 
line; and when the morsel is admitted into the 
pharynx, or opening of the gullet, by the expansion 
of its arches, it is pushed down the passage by the 
united force of these three constrictor muscles. 
The tenth is a continuation of the upper part of 
the windpipe ; it lies flat upon the back-bone, and 
is covered through its whole length by a muscular 
coat, which is formed not of circular fibres, like 
the pharynx, but chiefly of fibres running according 
to its length. The eleventh is a muscle, which, 
like a sheath, surrounds the whole membranous 
tube of the gullet. 

There are three muscles in the tongue: their 
thickness constitutes its chief bulk, and their action 
performs all its motions. The first forms the side 
of the tongue ; it rounds the back of the tongue, 
and pulls down its edges. The second arises by a 
narrow-pointed origin behind the bones of the chin, 
and as it proceeds towards the tongue, and the 
bone, or base, of the tongue, spreads out like a 
fan, and (with its radii extending upward and 
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backward) constitutes the greatest portion of the 
bulk of the tongue ; for it plies in the centre, from 
the root to the lip, and it? fibres having a radi- 
ated mechanism, cause the tongue to perform every 
possible motion. The fibres which proceed back- 
ward thrust the tongue out of the mouth, and the 
middle fibres make the tongue hollow in its centre, 
and elevate its tip and root. The third is an ir- 
regular bundle of the fibres. As this muscle is in 
the centre of the tongue, and unconnected with any 
bone, it may, with justice, be called the muscle of 
the tongue (the lingualis of Anatomists). From 
these simple facts we perceive that each fleshy 
fibre has its particular use, and that the Eternal 
bas not only created, but wisely adapted it to fulfil 
its intended purpose, in the mechanism and func- 
tions of the animal economy with unerring precision 
and perfect accuracy. 

VII. — MUSCLES OP THE SHOULDER-BLADE. 

There are three muscles that move the shoulder- 
blade upward and backward. The first is one of 
the most beautiful muscles of the body : the two 
conjoined, one on each shoulder, and on the neck, 
extend from the tip of the one shoulder, to the tip 
of the other, and from the nape of the neck down 
to the loins : when they reach the top of the neck, 
they become tedinous, and may be called the 
ligament of the neck. From this point down the 
neck the beautiful muscle just described does not 
lay hold of the spine, but does so when it reaches 
the two last bones of the spine of the back. It is 
implanted into more than one-third of the collar- 
bone, next the shoulder into the tip of the shoulder 
top, and the whole length of the spine from which 
the shoulder top rises. But its fibres arising 
from along the neck and back, and converging 
almost to a point, have very different effects, 
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according the different fibres that act. It moves 
and rolls the shoulder-blade, pulls the head back- 
wards, bends the neok, and is a powerful muscle 
of respiration. The second is a small, thin slip of 
flesh, arising from the four or five uppermost bones 
of the spine of the neck, by three or four, and 
sometimes &vey distinct heads. The heads join to 
form a thin, flat stripe of muscle about three inches 
broad, which is fixed by a flat, thin tendon to the 
upper corner of the shoulder-blade. This muscle 
pulls up the shoulder- blade when we shrug our 
shoulders. The *third arises from the three 
lower spinous-processes of the neck, and is im- 
planted into the base of the shoulder-blade ; and 
second, from the spinous processes of the first four 
bones of the spine of the back, and runs into the 
base of the shoulder-blade. It has been some- 
times reckoned two muscles, the major and the 
minor ; but most anatomists consider it only one 
muscle with two divisions. It raises the shoulder- 
blade, and carries it backward. The muscles that 
move the shoulder-blade forward, come from the 
breast ; upward, from the neck ; backward, from 
the spine ; and downward, from the ribs. 

There are three muscles that move the shoulder- 
blade downward and forward. The first arises 
from all the ribs, and by distinct portions from 
each rib, and lies on the side of the chest. The dis- 
tinct portions between the ribs are called fingers ; 
but the chief part of the muscle lies under the 
shoulder-blade, where it is thick and fleshy, and 
forms part of the cushion on which the shoulder- 
blade glides. It terminates in the whole length 
of the line. Galled the base of the shoulder-blade : 
when the centre muscle acts, it pulls the shoulder- 
blade downward and forward : when only the 
lower portions act, they pull the lower angle of 
the shoulder-blade forward : when the upper part 
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acts along with the pectoral muscle of the hrt'sist, 
the tip of the shoulder is fixed and pulled towards 
the chest, and the lower comer of the shoulder- 
blade is rolled backward. But its most important 
action is to fix the shoulder-blade, expand the 
ribs, and perform respiration, or breathing. The 
second lies close upon the ribs. It sometimes 
arises from the third, fourth, and fifth ribs ; some- 
times from the second, third, and fourth ; and 
sometimes only from the third and sixth. Its 
three digitations are very thick and fleshy, and 
converge into a smaller muscle, terminating in a 
point attached to the apex or point of the coronoid* 
process. It pulls the coronoid process forward and 
downward, and rolls the shoulders. The third 
arises by a flat tendon from the cartilage of the 
first rib, and becoming flat and fleshy, runs between 
the first rib and the collar-bone. It is inserted 
along the whole collar bone, beginning about two 
inches from the breast- bone, and pulls the shoulder 
downward. 

The arm is joined to the body and moved by 
numerous powerful muscles, and is fixed to the 
breast by the ligaments of the collar-bone. The 
muscles that move the shoulder- blade lie upon the 
trunk ; those that move the arm lie upon the 
shoulder-blade; those that move the fore arm lie 
upon the arm ; and those that move the hand and 
fingers lie upon the fore- arm. But as the arm 
requires easy, circular motions, it has a multiplicity 
of joints to perform them. , It has the wrist, for 
turning it round ; the elbow, for its hinge-like 
motions; and the shoulder-joint, on which it rolls; 
and to assist all those, the moveable shoulder-blade 
becomes the centre of their motions; for after a 

* The upper and anterior procesi of the end of the lower Jaw, 
(See fig. 10.) 

D 2 
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certain point of elevation, the motion of raising the 
arm is performed by the action of the shoulder- 
blade upon the trunk ; when our shoulder- bone is 
raised to a horizontal position, it is checked by the 
upper part of the shoulder-joint which hangs over 
it ; and if we elevate our arm still higher, the 
shoulder-blade rolls, turning upon the pomt of the 
collar-bone, and as it turns, it glides easily upon 
those muscles, which lie like a fleshy cushion 
between it and that part of the trunk over which 
it is so usefully placed, by the glorious Author and 
Architect of the universe. 



CHAPTER IV. 

THE MUSCLES AND MUSCULAR ACTION— Continued. 

Beautiful provision in the economy of the Muicles. Muicular 
Power, how to improve and preserve. Muscles of the shoulder- 
bone« Arm, Wrist, Hand, Fingers, &c. Muscles of the Ribs, and 
Respiration. Posterior Muscles of the Trunlc. Muscles of the 
Abdomen. Muscles of the Thigh, Leg, Foot, See, 

The muscular system, like other parts of the body, 
possesses the faculties of conservation and self-re- 
paration. When a muscle is exhausted and 
lacerated, the circulating blood deposits the neces- 
sary elements to preserve and repair it. A muscle 
has the inherent power of applying the elements 
of the blood to the renovation of its substance, and 
the reparation of its injuries ; and in a state of 
healthy action, easily effects the conservation, and 
restores the integrity of its lacerated parts. 

During the juvenile growth of the muscles, the 
same animal law is established for their enlarge- 
ment that in old age is required to preserve them 
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from decay. In both cases, the circulating blood 
supplies the necessary elements for growth and 
preservation. The order, and promptitude, and 
facility with which the muscles perform their vital 
functions, and extract from the blood the individual 
elements only that are required for their necessities, 
is one of the unanswerable arguments, that the 
Author of our existence is not only an infinitely 
powerful, but a provident Being. 

The muscles, like other animal substances, are 
liable to dbeases that sometimes require the aid of 
operative surgery. Surgery operations reflect very 
little honour on the art of healing ; because they 
prove that the healing art is still imperfect. If it 
were perfect, there would be no necessity for opera- 
tive surgery at all ; yet sometimes, great operative 
surgeons appear to be prouder of having success- 
fully performed a great operation, than having ac- 
complished the cure of a morbid disease by the 
materia medica. The cure of a morbid disease 
reflects more honour on the healing art, than 
the successful performance of a great operation. 
Sometimes we might almost be tempted to con- 
clude, that the end and aim of the great operative 
surgical mania, is to ascertain with how little of bis 
body a human being may be made to exist. Yet 
when the healing art pronounces a cure impossible, 
there is no other alternative, even for the most 
humane surgeon, than to operate ; and it is better 
to part with an incurable morbid portion of the 
body, and preserve life, than to permit it to remain 
and destroy our existence. 

Some men have large, powerful muscles ; others 
puny and weak. There are fixed animal laws that 
regulate their growth and preservation ; and by 
obeying them, any person may attain the maximum 
that belongs to his constitution. The hardy 
mountaineer climbs his native hill ^ith vigour, 
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elaaticitj, and ease, chases the nimble goat, and 
pursues the bounding deer, unfatigued, for a long 
summer's day. The delicate lady, confined to the 
city, and nursed in effeminacy, pants for breath 
when travelling on the green lawn after half an 
hour s Lilliputian journey. The too early confine- 
ment of children at school super -exercises and 
injures their brain, and renders their muscles puny 
and debilitated. The muscles of the hardy 
peasant child, accustomed to exercise, are larger 
and more powerful than those of the less fortunate 
girl confined to factory labour. Children should 
be allowed the free exercise of their muscles, if we 
would have them enjoy health and become robust. 
Disease and death destroy more children and 
adults in large cities, than in rural districts. Dr. 
Farr states, that out of equal proportions of the 
inhabitants of England, in a given time, forty seven 
die in cities, and twenty-nine in the country. 
One half of the deaths in Glasgow, the largest 
manufacturing city in Scotland, during the last 
fifteen years, were children under five years old. 
These are appalling facts, and humanity demands 
an immediate remedy, for the prevention of such 
frightful human destruction. If mechanical and 
agricultural labour (as is the case in France) were 
usefully conbined ; and if the population were 
more extended over the country, instead of being 
pent up into large, overcrowded cities, the muscles 
would speedly attain their due developement, and 
death would ensue only from natural causes. 

Unless the body be regularly supplied with 
plenty of nutritient diet, the muscles will lose their 
vigour, and soon decay. There is a continual 
waste going on. To supply the carbon for re- 
spiration during a day, supposing that the individual 
takes moderate exercises, and throwns of eight ounces 
of that element in the form of carbonic acid, he 
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requires eight ounces of starch, which is equivalent 
to one pound and three quarters of wlieaten bread, 
or seven pounds and a half of potatoes ; and to 
repair the waste of his muscular system, he re- 
quires during the same time to assimilate from 
his food not less than three hundred aud fifty 
grains of nitrogen, that i^, as much nitrogen as is 
contained in Hye ounces of gluten or fibrin. Now, 
one pound and three-quarters of bread contain 
three ounces of gluten, and seven pounds and a half 
of potatoes contain two ounces and a half of that 
constituent; in the one case there therefore re- 
mains to be supplied two ounces, and in the other, 
two ounces and a half of gluten ; and suppose the 
deficiency to be made up with beef; eight ounces 
with one pound and three quarters of bread, or ten 
ounces with seven pounds aud a half of potatoes, 
are the calculated quantities of diet wliich are 
essential to the maintenance of the animal system 
in a healthy state. If a man would attempt to 
live on bread alone, he ought to consume three 
pounds per day ; in the case of potatoes, no less than 
fifteen pounds. 

The human body,^n a healthy state, is powerful or 
weak in proportion to t tie strength or exhaustion of 
the muscles. Muscular exercise increases muscular 
power; muscular inaction produces muscular 
debility. If muscles are activity and constantly 
employed, they become more powerful than if 
ficcustomed to inactivity and rest. The brawny 
muscles of a blacksmith's arm are more potent 
than those of a lawyer's clerk. The muscles of the 
legs, feet, and toes of a professional dancer are 
more active and nimble than the same muscles in 
the lower extremities of a tailor. The dancer 
daily exercises them for the acquisition of liis 
bread ; the tailor, when at work, permits them to 
lie at rest. The stage buffoon, who excels iu 
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§rimace8, constantly employs his facial muscles to 
isort bis face, and acquires astonishing control 
over their motions. The Quaker, on the other 
hand, permits them to remain inactive (as he 
wishes to appear grave), and partly loses control 
over their action. Some muscular porters in 
Constantinople will with ease carry a load on their 
shoulders of eight hundred weight, which would 
almost press half a dozen of tailors to the ground. 

The rapidity with which an expert flute-player 
moves his fingers over the holes of his flute, is the 
effect of the active and acute motion of the muscles 
of his fingers, acquired by long and constant 
practice ; and if contrasted with the first awkward 
essays of the sluggish fingers of a clown, rudely 
playing on his flute, may exhibit the nice difference 
between the muscular perfection of the former, 
correctly acquired by long habit, and the 
clumsiness of the latter, totally unaccustomed to 
the practice. A daily pedestrian will walk forty 
miles with ease ; while an indolent man, unused to 
travel, will sink with fatigue after half the journey. 
Practice with the dumb-bells exercises the muscles 
of the arms, and renders them powerful ; and to 
increase the power of the muscles of the lower 
extremities, young ladies with equal propnety 
should practise the skipping-rope. 

A stout peasant, accustomed to delve with a 
spade, can easily do twice the work with it, unfa- 
tigued, that a tailor or a weaver can peform witll^ 
difficulty and pain. Veteran soldiers also, accus- 
tomed to endure fatigue, can march and counter- 
march during a campaign, without much lassitude 
and sickness ; while raw recruits, tinueed to such 
laborious duty, fall down and die, or go to the 
hospital, after a few days' toil and travel. 

The American Indians, the Caribs, and Austra- 
lian savages, accustomed to listen acutely to catch 
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the distant sonnds of the footsteps of wild animals 
and enemies, acquire so much control oyer the 
muscles of their ears (which in Europeans are 
almost motionless for want of exercise), that they 
can easily accommodate them, not only to their 
wants and wishes, but make them expand and con- 
tract mechanically with facility, so that they can 
distinguish the nicest sounds at long distances, 
which our unpractised and immoveable ears could 
neither perceive nor command with acute listening 
and attenton. 

The muscles of the wings of birds, accustomed 
to long and rapid flight, are the most powerful 
parts of their bodies. The muscles of the legs and 
paws of tigers and lions are powerful, because they 
are not only employed in running, but in killing 
prey, which they frequently do with a single stroke. 
In short, no healthy man should complain of the 
want of sufficient muscular power ; for if he daily 
employs his muscles as he ought, he will very soon 
acquire it. Every individual should exercise his 
muscles usefully. It was for this purpose alone 
that they were given liira by his Creator ; and any 
person who does not properly employ them, but 
lazily permits them to remain inactive, may as well 
be a polypus, a plant, or an automaton, and is very 
little better than a vegetable in human form ; 
and fails to fulfil his high destiny with usefulness 
in the rational class of animal existences, among 
whom the Almighty has benevolently placed him. 
He who employs his muscles to destroy and injure 
his fellow -men is an unnatural monstrosity — unpa- 
ralleled in creation, except by the heroes and bar- 
barians of his own species. We will now proceed 
with the description of the muscles of the arm and 
other parts of the body. 
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1 — MUSCLES OP THE SnOULDER-BONE, ARM, WRIST» 

HAND, FINGERS, ETC. 

There are nine muscles that move the shoulder- 
bone. The first is a large fleshy muscle f called 
pectoralis major), covering the whole of the breast. 
The second (culled latissiuuis dorsi), is the broadest 
muscle of the back, and largest uf the body : these 
two muscles form the arm-pit; the former pulls 
the arm forward, lays it upon the breast, and sup- 
ports loads on the arm, as in carrying heavy 
baskets, <Sz;c., and also forms the anterior border of 
the arm-pit ; the latter, when the arm is raised, 
brings it downward, as we do in striking a blow 
with a hammer; or downward and backward, as 
when we knock with the elbow ; or it rolls the 
arm inward and backward, as when we turn the 
palm of the hand behind our back. The edges of 
these two muscles receive the pressure of crutches 
in lame individuals : when both muscles act, the 
arm is pressed directly downward, as when we rise 
from a seat, or carry a bundle under the arm ; and 
by their action we can raise ourselves over a beam 
by leaning on our hands. The third is the first of 
those muscles which arise from the shoulder-blade, 
and are inserted into the shoulder- bone ; it is thick 
and fleshy, covers the top of the shoulder, and fills 
up the space between that part of the shoulder- 
bone which receives the extreme end of the collar- 
bone, and bone of the arm. It has three separate 
bundles of fibres, meeting about one- third way 
down the shoulder- bone, and forming a short, 
flat, and strong tendon, which almost surrounds 
it. The guards in fencing are chiefly performed 
by the three bundles of fibres belonging to this 
muscle, and they are a^so the most powerful rota- 
tors of the arm. The fourth arises from the 
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coracoid* process of the shoulder-blade, and is 
in$»erted bj a short tendon into the arm-bone, 
nearly at its middle. Its action is to elevate the 
arm upward and forward, and to pull it toward 
the side of the body. It is therefore an imperfect 
rotator. The fifth fills the hollow of the shoulder- 
blade above the spine, and is inserted into the 
upper part of the great tuberosity on the head of 
the shoulder-bone. Its action is to raise the arm 
directly upward, and, at the same time, elevate 
the capsule of the shoulder-joint. The sixth is 
like the fifth, in every respect, and assists it in 
its action. The seventh co-operates with the fifth 
and sixth, and assists them in raising the arm. 
The eighth is shaped like the seventh, but thicker 
and longer, and lies a little lower dow^n on the 
edge of the shoulder-blade. It performs the same 
kind of rotation of the arm as the second, and 
draws the shoulder- bone backward and forward. 
The ninth lines all the cavity of the shoulder-blade 
like a cushion, and assists the eighth and the 
second : it pulls the arm backward and downward, 
raises the capsule, and strengthens the joint. Those 
muscles which are implanted above the head of the 
shoulder- bone, are designed to elevate the arm ; 
and as the fifth, sixth and seventh are implanted 
into the great tubercle of the shoulder-bone, they 
must therefore raise the arm when they are in 
action. The deltoides,t being implanted a little 
lower down than these, performs the same action, 
and with greater power ; but as the large branch of 
the axillary artery, which rises near the lowest 
margin of the shoulder-blade, is implanted into the 
opposite side, or lower part of the head of the 

* A small sharp process of the shoulder-blade, shaped like a 
crow's beak. 

t Triangular; an epithet applied to a muscle of the shoulder, which 
moves the arm forward, upward, and backward. 
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filioulder-bone, opposite tbe former muscles, it must 
draw tbe arm directly downward and backward. 
But as tbe first muscle, or number one under tbis 
bead, and tbe fourtb, are implanted into tbe outer 
edge of tbe bicipital* groove of tbe sboulder-bone 
in one direction, and pull tbe arm inward and 
toward tbe side, and forward. But as tbe second 
and eigbtb muscles are inserted into tbe lower part 
of tbe same groove, tbey pull tbe arm directly 
backward. Tbe sboulder-joint receives greater 
strengtb from its numerous muscles tban its liga- 
ments. The former are contractile, firm, and 
enduring; tbe latter elastic, yielding, and apt to 
rupture. 

Tbere are two flexor (or bender) muscles for 
bending tbe fore-arm. Tbere are also two extensor 
(or stretcberj muscles, tbat stretcb tbe fore arm. 
Tbe uses of tbese four muscles are simply flexion 
and extension of tbe fore- arm. 

Tbere are tbirty-one muscles situated on tbe 
fore-arm, for moving tbe largest bone, tbe wrist, 
and tbe fingers. Tbese muscles perform supina- 
tion, pronation, flexion, and extension. Wben we 
turn tbe palm of tbe band down, it is called pro* 
nation ; wben we turn it upward it is called 
supination. Tbese motions are performed by tbe 
rolling of tbe large bone and tbe small bone of tbe 
fore- arm. In these thirty- one muscles tbere are 
twelve benders, or flexors, arising from the inner 
knob of tbe shoulder- bone ; and nine stretchers, or 
extensors, arising from tbe outer knob of tbe same 
bone; and ten other muscles, varied in action, 
seated in the band. Tbese are all tbe muscles 
tbat belong to the upper extremity, and perform 
tbe motions of the fore-arm and hand. Their 
mechanism and action are beautiful, simple, and 
perfect. 

• * Having two heads. It ilgnlfiet having two headi, or origini. 



THE MUSCLES A»D MUSCULAR ACTION. 67 

The human hand is the most beautiful and 
petfeot piece of mechanism in nature, and in the 
fingers are seated the organs of touch. Every 
motion that the genius of mechanics has discovered, 
simple and complicated, is perfectly exhibited in 
the human hand. All the movements of the 
gigantic machinery of steam engines, weaving, 
spinning, and tambouring factories, and of all 
other descriptions of machinery that have hitherto 
wrought, and are still working, for the benefit of 
man, are at best but noisy, clumsy, and bungling 
executions, compared with the still, easy, and 
graceful motions of the human hand. Its muscles 
are so nicely arranged, individualised, and com- 
bined, that there is nothing too difficult for it to 
execute, nor too simple to perform. It is the 
faithful servant and executor of the brain, and 
readily accomplishes, with the most facile fidelity, 
whatever it commands. Everything that human 
ingenuity has invented and physically executed, 
from the lifting of a blade of grass to the removal 
of a mountain ; from the making of the smallest pin 
to the building of a palace ; from the mutilation of a 
fly to the destruction of an army, have all been done 
by the human hand. Arts and sciences would have 
remained in original obscurity ; sculpture, painting, 
architecture, machinery, and every illustration in 
experimental philosophy would have been for ever 
unexhibited, without the aid of the unwearied 
hand. It is the hand that elevates man in strength 
above the lower creation ; and, by its extraordinary 
power, makes him the terrestrial lord of all. For 
want of hands, inferior animals fly before the hand 
of man. Whatever may be the endowments of a 
man, his nature demands more than he can find in 
nature to fill him with ennobling motive, and pre- 
serve him from degenerating into a mere selfish, 
subtile slave. We say his nature, because he 
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everywhere demonstrates by bis conduct tbat be 
feels a sense of defect and deficiency. Whether 
be prowl the prairies of America, or the bowling 
wilderness of Africa, still man apprehends a want 
of aid from above. He strives to propitiate the 
Great Spirit; he appends to his person some 
charmed token of imagined protection ; he hears 
God in the thunder ; be sees the flashings of his 
glittering spear in the lightning; he adores the 
clouds, and watches for wonders wherever he 
looks, and always lives in fear, because he has 
ofi^ended. His love and his hate are equally fierce, 
and all, but his own small tribe, tbat cling together 
from necessity like a pack of wolves, are his deadly 
fues. 

II. MUSCLES OF THE BIBS AND RESPIRATION. 

The whole of the back is covered with strong 
muscles, related to the arm, ribs, and spine; but 
there are muscles, however, appropriated to the 
ribs, which perform no other function than re- 
spiration. The first of these comes from the neck, 
extends over the ribs, and pulls them downward. 
The second comes from the spinal bones of the 
loins, lies flat on the lower portion of the back, 
and pulls the ribs downward. Third, the twelve 
muscles called levatores costarum, which arise from 
the transverse processes of each of the spinal bones 
of the back, and each muscle going down to the 
rib below, raises it up when in action. Fourth, 
the external and internal muscles fill up the spaces, 
crossing each other between the ribs, and raise and 
depress the chest in respiration ; to these may be 
added a muscle called triangularis stemi, that lies 
within the chest, and pulls the ribs downward. 
The muscles of the ribs are appropriated to respi- 
ration, and unite their functions with the diaphragm 
(a muscle separating the chest from the abdomen) 
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and mascles of the abdomen ; but in cougbing, 
sneeasing, speaking, smelling, &C., there are other 
muscles also brought into action besides these, 
belonging to the locally affected or irritated parts ; 
and whether individually or combined, display the 
infinite goodness, power, and wisdom of our great 
Creator, in planning and accomplishing the me- 
chanbm and utility of the human body.* 

lU. POSTBRIOS MUSCLES OF TUB TRUNK. 

The posterior mnscles of the trunk form the 
greater part of the fleshy substance of the back. 
The first keeps the trunk erect, inclines it to one 
side, turns it on its axis, pulls down the ribs, and 
assists respiration. The' second keeps the trunk 
erect, and bends the spine backward. The third 
takes a firm hold of the ribs, and not only pulls 
them down, but also assists in raising the trunk. 
The fourth turns the neck to one side and bends it. 
The fifth, another muscle (called transversali scolli) 
appears to aid in these performances. 

The surface of the back, between the bulge of 
the ribs on each side of the chest, consists of innu- 
merable hollows, processes, and points of bone, 
and is tied from point to point, and its hollows 
filled with unequal bundles of tendons and flesh. 
The first bundle is divided into two sets. It lies 
along the whole length of the neck and back, and 
raises the spine. The second bundle appears to 
aid the first. The third keeps the spine from 
bending too much forward. The fourth and fifth 
are useful in assisting us to perform the lateral and 

* Muscles of the head and neck undescribed.—- There are seven 
posterior muscles of the head and neck yet undescribed. The object 
of the first of these is to turn the head obliquely to one side ; but 
assisted by another, they pull the head downward. Four others 
perform nearly the same action. The sixth and seventh perform 
the short turnings ot the head; all these muscles, more or less, 
assist each other. 



70 THB MUSCLES AND MUSCULAR ACTION. 

twisting motion of the loins. There are two other 
bundles, which complete the total number; all 
these muscles render the back firm, smooth, elastic^ 
thick, and powerful, but especially the spine, which 
they clothe with flesh.* 

lY. — MUSCLES OF TUE ABDOMEN. 

The muscles of the abdomen are ten in number, 
five on each side. The first covers, on each side, 
all the abdomen with its fleshy belly, and also the 
forepart of the abdomen with its white expanded 
tendon. Its fibres run obliquely from above, 
downward and inward. The second arises chiefly 
below the haunch-bone, and all its fibres run from 
below upward. The third lies under all the other 
muscles, next the abdominal cavity. Its fibres 
run across and round the abdomen. The fourth 
runs on the forepart of the abdomen in a straight 
line from the share-bone to the breast-bone. The 
fifth is named after its shape, being pyramidal in 
form. It is a neat, small, conical muscle, arising 
from the share-bone, and having its apex turned 
upward. In some subjects this muscle is wanting. 

These five abdominal muscles make its external 
covering, and by taking a firm hold of the pelvis 
(or basin), and the trunk, they support and con-^ 
tain the bowels. They also bend and turn the 
trunk, and fix it firmly for the stronger action of 
the limbs. They keep the body steady in raising 
weights, bearing loads, and, alternately with tlie 
diaphragm (an internal muscle which separates the 
abdomen from the chest), they perform respiration. 

* There are itill other five muiclei lying on the forepart of the 
head and neck, which we may briefly mention, aa they complete the 
catalogue of the muiclef belonging to the ipine. The first four pull 
the neck to one lide when acting ilngly ; but when acting double 
they bend dawn the neck and head. The fifth, in asthmatic patients, 
throws the head backward, that the chest may be more powerfully 
raised in coughing. 
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When the diaphragm presses down the bowels and 
enlarges the chest, we perform inspiration by 
drawing in our breath ; when the abdominal 
muscles react, and push back the diaphragm, the 
chest is compressed, and expiration, or letting out 
a breath, is accomplished. The abdominal muscles, 
independently of their use upon daily health, &c., 
assist in expelling the infant from the womb, and 
promote the circulation of the blood. But some- 
times, under these accumulated labours, they give 
way, frequently near the groin ; and the bowels, 
protruding through the interstices of the muscular 
fibres, and enlarged natural passages, form hernia, 
or rupture, which is a very frequent attendant on 
old age, especially in men who have often endured 
violent exercise, such as straining, pulling^ raising 
heavy weights, and carrying oppressive loads. 

The two oblique muscles on one side, when in 
action, turn the body on its axis. But when they 
act on both sides, they co-operate with a muscle 
called the rectus muscle, in flattening the abdomen, 
and bending the body. The transverse muscles 
tighten the linea alba, a muscle which we are now 
about to describe. The recti muscles pull the 
ribs downward in breathing, flatten the body, and 
bend it forward. 

We will now briefly notice a few other parts of 
the abdomen. First, the linea alha, already alluded 
to, is the common meeting of all the white, thin, 
flat tendons of the abdominal muscles in the centre, 
and forms the point towards which they all act. 
The second is a white circular line, produced by 
the meeting of all the tendons of the abdomen on 
the edge of the rectus muscle to form its covering. 
Third, the navel is an opening in the centre of the 
abdomen, through which the nourishing vessels 
pass between the foetus in utero, in the mother. 
These vessels, in the adult, degenerate into a liga- 
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nient, which sometimes ruptures. Fourth, the 
inguinal ring of the abdominal muscles, is an open- 
ing near the lower part of the abdomen, above the 
groin, &c., through which the spermatic cord 
passes in men, and the round ligament of the womb 
in women. The fifth muscle is a thin slip of fibres 
coming from the internal oblique muscle, and has 
its particular use, and which it is not necessary 
more minutely to describe. 

Rupture at the navel is more frequent in females 
than in males, because the opening is slowly dilated 
in pregnancy, and admits the bowels to protrude, 
Rupture at the abdominal ring is more frequent in 
men than in women ; because the round ligament 
of the womb being smaller than the spermatic 
cord, the ring is therefore closer and firmer in 
women than in men. There seems to be a here- 
ditary predisposition to rupture in certain families ; 
and in these cases it is almost impossible to prevent 
the protrusion of the bowels from the most trivial 
causes, in childhood. 

The diaphragm, to which we have alluded on a 
former occasion, is an internal transverse vaulted 
partition, between the abdomen and chest ; it is 
not only vaulted in the middle, but rises as high 
anteriorly as the breast-bone, where it commences ; 
while its lower and back parts begin almost as low 
as the pelvis, and from the false ribs and the spinal 
bones of the loins ; and although it is convex* 
towards the chest, and concavet towards the abdo- 
men, yet it becomes almost straight when it presses 
against the abdominal muscles in inspiration, but 
resumes its convexity, when by their reaction it is 
pushed back again into the chest in expiration. 
This alternate action and reaction constitute respira- 



I* Rising or twelling on the exterior lurfiaee into a round form* 
t Arched or rounded on the interior lurfaee. 



THR MUSCLES AND MUSCULAR ACTION. 79 

tion ; strictly speaking, liowever, there arc two 
diaphragms — a greater before, and a smaller behind; 
in the centre between tliem is a strong triangular 
tendon, and in the fleshy and tendinous fibres, are 
several natural openings for the transmission of 
blood- vessels, ducts, and nerves, between the 
abdomen and the chest. 

Besides the important function of respiration, 
the diaphragm is not only useful in assisting nature 
in the preservation of health from day to day, but 
also to expel the foetus from the womb in parturi- 
tion. Vomiting, hiccuping, yawning, crying, laugh- 
ing, coughing, sighing, weeping, and indeed every 
audible emotion of joy and fear, are diaphragmatic 
actions ; and the celebrated Haller very justly 
remarks, ^^that the diaphragm is the noblest 
muscle after the heart." 

Every passion possesses the muscular system 
with a power peculiar to itself: hence it is ex- 
pressed in the features and in the attitude. By 
some mysterious law of sympathy, association, or 
suggestion, it happens, that if the soul merely imi- 
tates in action the appearance presented by any 
passion, the nerves which are called into operation 
for that purpose become so excited that they, in 
return, are apt to fix the mind for a time in that 
direction, and the will is thus often mastered by 
the state of its own instruments, though that state 
be produced by voluntary exercise; and he who 
began by enjoying the mimicry of passion, at 
length feels the reality of its power. Hence, it 
happens that pugilists and gladiators, in the fulness 
of their bodily energy, find it extremely difficult to 
keep their tempers during their preparatory sham- 
fights; and therefore, systematic trainers recom- 
mend their lusty pupils to go regularly to church, 
not for the sake of religion, but to quiet their 
nerves by a sort of physical sympathy with peace- 

B 
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fill and devout persons ; for it is found that to be 
in the midst of a worshipping assembly has a 
tranquillizing influence even on the tempers of 
those who know nothing about godly motives. 

The power and rapidity of muscular action do 
not always depend on the comparative magnitude 
and strength of the muscles. The sloth is many 
thousand times larger than the flea, yet the sloth 
will only travel fifty paces per day — a journey 
which the flea will perform in a few wonderful 
leaps. The worm is many hundred times larger 
than the ant, yet the former will only crawl a few 
inches per minute, while the latter is almost con- 
stantly in rapid exercise, and carries heavy loads 
to his nest. The worm that crawls only six inches 
a minute when naturally left to the sluggish move- 
ments of its muscles, will writhe and fling its body 
to and fro when wounded, and dash itself on the 
ground with rapidity and violence. When muscles 
are spasmodically contracted, they are rigid and 
painful ; and when cramp seizes our limbs, we feel 
the affected muscles stiff, hard, and inflexible as 
rods of ron. The pain is excruciating, and nothing 
can alleviate its severity, but the cessation of spasm. 
This intense suffering is produced by the muscular 
fibres pressing spasmodically on the nerves that 
ramify in the affected muscles, and supply their 
fibres with sensihility and nervous power. The 
middle coat of the stomach and bowels is muscular, 
and every person knows how speedily death is 
sometimes produced by its painful spasms. We 
ought never, by overstrained exertion, to injure 
our muscles. Insupportable fatigue sometimes 
ruptures their fibres, destroys their action, and 
induces lameness. The muscles are perfectly fitted 
to perform every useful motion for which the 
Creator has designed them, if we employ them 
wrongfully, we injure their utility, thwart our 



k 



THB MUSCLES AND MUSCULAR ACTION. 75 

Creator, and incur the penalty of wilfully violating 
the laws of nature. 

V. — MUSCLES OF THE THIGH, LEG, FOOT, ETC. 

The muscles that move the thigh-bone are four- 
teen in number. The tenth, eleventh, twelfth, 
thirteenth, and fourteenth of these move the thigh - 
bone backward, and roll it on its axis. The 
whole fourteen, taken together, assist in forming 
the contour of the thigh, and perform many of its 
most powerful and useful actions. 

There are four muscles that extend the leg, and 
assist in forming the thigh, and are all implanted 
by one strong tendon into the knee-lid. But the 
two last, or third and fourth, also send some fibres 
to be inserted on the outer part of the head of the 
great bone of the leg, — the knee being a hinge- 
joint, these four museles extend the leg, bend the 
thigh, and are the great agents in running, leaping, 
and walking. There are six flexor muscles that bend 
the leg. The first may be called the tailor's muscle, 
by which the legs are crossed. The first four are 
inside flexors (or benders), and their tendons are in- 
serted into the rough head of the large bone of the 
leg; they also form the ham-strings, and extend 
their tendinous expansions downwards upon the leg. 
The tendon of the biceps (having two heads) is im- 
planted into the upper knob of the small bone of 
the leg, and then inserted into a ridge on the back 
part of the great bone of the leg. These muscles 
form part of the fleshy and tendinous substance of 
the ham and thigh. There are six extensor (or 
stretcher) muscles of the foot. The first four lie 
on the outside of the leg. These are useful in run- 
ning, walking, and leaping. There are also two 
flexor muscles of the foot that bend it wh en 
acting togetlier, lying on the fore-part of the leg. 
The tendoa of the thick cord (whicli is attached to 
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the heel-bone, and forms the inferior posterior por- 
tion of the leg) is formed by the union of the first 
and third. There are sixteen muscles of the toes 
that move them in every direction ; and there is 
also a thick expansion that defends the sole of the 
foot, and protects the blood-vessels, muscles, and 
nerves, that lie under it, from external injury. 
Sometimes, contraction of tlie aponeurosis (an ex- 
pansion of a muscle in the manner of a membrane) 
contracts the foot, and deforms it. The toes are 
drawn inward and toward the sole of the foot, im- 
peding its mechanical movements. The cure is 
accomplished by dividing the aponeurosis with a 
long, tliin knife, nicely introduced underneath the 
skin. The foot is afterwards retained in a proper 
extended position, and subsequent inflammation 
prevented till it heals. 

" I was lately," says Dr. Douglas, " present 
when this simple operation was very adroitly per- 
formed on a boy, by an hospital surgeon. The 
aponeurosis of his foot was contracted. His toes 
were bent inward and downward, and his heel 
drawn upward and backward, — as soon as the 
division took place, the foot partially resumed a 
natural position." A case of this kind requires a 
great deal of skilful management, even after the 
operation, and several weeks must elapse before it 
is cured. 

Some of the French surgical authors informs us, 
that club-foot contractions generally resume their 
original deformity, about four years after an opera- 
tion. It would be desirable that the ultimate pro- 
gress of such cases were also strictly watched by 
English surgeons, and reported to the profession. 
If the French authors are correct with these state- 
ments, it would not be very desirable for a patient 
to endure the operation, with the certainty of a 
relapse. We are aware that some cases of squint" 
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ing^ partially corrected by surgical operations, have 
again resumed their original obliquity. 

The flexors and extensors, the adductors and 
abductors of the toes, are antagonist muscles ; the 
flexors bend the toes downward ; the extensors raise 
them upward; the adductors draw them inward, 
and the abductors outward. And much in the 
same manner, the antagonists of the leg also act 
upon the foot, and move it by the ankle-joint in 
every possible direction. The mechanism of the 
leg and foot is beautiful and perfect, and nothing 
that science has invented can equal its beauty and 
utility. By the simple and combined action of a 
few bones and muscles, we climb, walk, run, leap, 
dance, &c., and perform tumbling and equestrian 
feats ; without the muscles of the lower extremities, 
we should be obliged to stand immoveable like 
statues, and vegetate like plants ; yet aided by 
the simple, combined, and harmonious muscular 
machinery, we can move our joints at pleasure, 
and travel from place to place with agility and ease. 
By their powerful action, we climb the wild hills 
of Scotland and Wales — ascend the hoary Alps — 
mount the gigantic Andes, and overtop the almost 
insurmountable Himalayas. By their mechanical 
power we descend valleys, cross ravines, bogs, and 
marshes — traverse the sandy deserts of Africa, and 
tlie green prairies of America — parade through the 
richest kingdoms and capitals of the world, and 
visit the sublimest scenery of nature. The youth- 
ful, stout, active, and comfortable pedestrian, pur- 
suing his voluntary journey without encumbering 
equipage in fine summer weatlier, and occasionally 
pausing on his way to admire the beauties of 
nature, and gaze on the relics of past ages, is the 
happiest and most independent of travellers ; and as 
he cheerily passes along his road, trusting only to 
the powerful muscles of his lower extremities, to 
E 2 
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carry him to the end of his journey, he feela an 
elasticity of body, and a buoyancy of niiud, in- 
describably pleasant ; and as he exercises the active 
muscles of his limbs, and inhales the pure air, he 
imparts strength to the whole muscular system, 
and feels enjoyment that will delight him in his 
future years witli the sweetest reminiscences of the 
pleasure of the travels of the past. 



CHAPTER V. 

THE BONES, SKELETON, AND JOINTS. 
I. THB BONES. 

Beautiful mechnni^m of the Bonei; their great durability. The 
Skeleton; its surpasaing grandeur. The Joints; great ingenuity 
of their mechanism, &c. 

Tub important offices fulfilled by bone in the ani- 
mal economy, and its almost imperishable nature, 
have always given it importance in the eyes of the 
philosopher; while the phrases in use, in every 
language, bear testimony to the high place it holds 
in popular estimation. We see it forming a frame- 
work to give shape and support to the body, cases 
and cages to protect the most delicate organs and 
levers by which locomotion is performed, and force 
exerted. Again, we find it among the tombs, suc- 
cessfully resisting agencies which had reduced the 
softer parts of our bodies to dust a century before ; 
and we speak of laying our bones in the grave 
as if they constituted the essential element of our 
frames. In order to be fitted for these purposes, 
the bones, whose union constitutes the skeleton. 



TUB BONES, SKELETON, AND JOINTS. 79 

are at once hard and tough ; hard to resist external 
violence, and tough to give a degree of elasticity. 
This hardness we shall find to depend on the large 
proportion of inorganic matter, especially of lime, 
which enters into the composition of bony tissue. 
This chemical constitution also accounts for its 
durability. 

The most remarkable property in bone is its great 
hardness, as compared with other parts of the body. 
It is, indeed, the only part of the body entitled to 
he called hard, — cartilage, which comes next to it, 
admitting of being cut with a knife. This hard- 
ness increases with old age, from the greater pro- 
portion of earthy matter which is deposited in its 
interstices, and it is much less in children of tender 
years. Its specific gravity is greater than that of 
any other animal substance. Its colour in the 
living body is a pale roseate tint, inclining in young 
children to red, and in old age to a yellowish wliite. 
It assumes a beautiful white colour after having 
been frequently boiled, or long steeped in water, 
till the oily and sanguine fluids which pervade 
it have been entirely removed. Bone is very 
feebly translucent, — even in thin plates transmitting 
only a slight quantity of light. It is, however, 
flexible and elastic. The ribs afford a good example 
of this, as one may satisfy himself by compressing 
his chest with his hands ; and many a one has 
to thank this quality for his escaping with impu- 
nity from the pressure of a dense crowd. The 
elasticity of the bones frequently saves them from 
fracture, and lessens the shocks which they convey 
to the brain, and other soft textures which they 
support and defend. 

Bones assume every variety of shape, as might 
be expected from the various uses made of them 
in such a complex machine as the skeleton. These 
varieties hcve been reduced by anatomists to four 
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classes ; the long or cylindrical, the broad or flat, 
the short or round, and the mixed or irregular. 
The long bones are distinguished by their length, 
which greatly exceeds their other dimeosions. 
They are found only in the extremities, and are 
adapted for locomotion, and for sustaining the 
"weight of the body. They are never exactly cylin- 
drical, being smaller in the middle, and enlarged 
at each end where they are jointed to one another. 
The broad or flat bones are thin, and generally 
slightly arched, being fitted to protect some more 
delicate organ; the best specimens of them are 
those forming the cranium, and protecting the 
brain. The short bones are of irregular figures, 
but are all somewhat roundish ; they are found in 
the wrist, and the instep of the foot. The mixed 
or irregular bones are sometimes classed with the 
short; but it is better to place them separately. 
The bones forming the spine are the best examples 
of these, as combinations of long and short bones. 
The ribs and bones of the pelvis may, perhaps, be 
also arranged with them, as combining the characters 
of the long and flat. 

We shall find that the difierent bones present points 
for demonstration of various kinds. They have 
surfaces which may be rough or smooth, for the 
attachment of the softer parts, or to allow these to 
play over them, — have hollows for the reception of 
muscles, or other organs, — they have grooves for 
tendons to run in, or for blood-vessels to lie in, — 
tliey have holes for vessels and nerves to pass 
through, — they have articular surfaces; rough, if 
the joint is to be immoveable ; smooth, if it be to 
admit of motion; and they haye processes^ or pro- 
jecting points, to which particular fibres of muscle, 
or of ligament, are to be connected. If we prepare 
bones by careful steeping and drying, so as to 
remove all the oily matter from out of them, and 
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then saw them up, or break them, we shall observe 
the density of their tissue to differ much in different 
parts. The outer part is much harder and denser, 
than the internal part, and is called the compact 
substance. The internal part is of a looser texture, 
and is called the cancellated (that is cellular) or 
spongy substance. These tissues are arranged 
differently in the different orders of bones. 

In the flat bones, the coniDact substance is ar- 
ranged into two layers, separated by a thin layer 
of cancellated structure, through which the blood- 
vessels which nourish the bone run. When the 
hone is very thin, the two outer layers are in con- 
tact, or appear compressed into one, and the inter- 
mediate layer has disappeared. In the round 
bones, there is a very thin layer of compact tissue 
on the outside, while the internal part is composed 
of spongy tissue. In consequence of this predomi- 
nance of spongy tissue, and consequently of 
blood-vessels, the round bones are much more 
liable to inflammation than any of the others. The 
long bones consist of three parts — a shaft and two 
extremities. The shaft consists of very dense com- 
pact tissue externally, becoming loose internally, and 
having a canal running through it nearly from end 
to end ; while the extremities are of the same 
structure with the short bones. This canal makes 
the bone much stronger than if it were solid, with 
the same quantity of material, because its diameter 
is thus much greater ; a principle which is under- 
stood and acted on by engineers, who make hollow 
pillars and shafts to gain additional strength with- 
out additional expense of metal. 

The canal which runs through the long bones is 
lined with a delicate membrane, in which is con- 
tained the medulla or marrow ; hence it is called 
the medullary canal. The medulla is in the young 
chiefly bloody : in older persons it is oily ; and it is 
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put into the canals, not to oil the bones, as many 
erroneously suppose, but because there is no empty 
space permitted in the body, and fatty matter 19 
the lightest that could be used for fillii^ them. 
Besides, the marrow serves the same purpose as 
the fat in other parts of the body ; it is a store of 
nourishment whence the body can be supported, 
when unable to take any nourishment from without. 
In fevers, for instance, when the patient scarcely 
tastes food for perhaps a fortnight or three weeks, 
he is maintained on the superiftuous parts of his 
own body; and hence the sunken cheeks and 
shrunk shanks of such a sufferer when beginning 
to recover. That this marrow is not of any use to 
the bone itself is sufficiently proved by the fact, 
that in birds there is none ; but their bones are 
very thin, and the canals large in order to be light, 
and instead of marrow they are filled with air, by 
communications with the windpipe leading to the 
lungs. There is a common notion that the marrow 
is exceedingly sensitive, and it is remarked '*' hoW 
painful the application of the saw must be in 
amputation, from its tearing its way through the 
marrow." Now, the fact is, that the marrow is 
vert/ littfey if at aV^ sensitive ; and all the pain felt 
in sawing the bone is a sort of jarring communi- 
cated to the soft parts which have been already 
divided. 

The animal and earthy parts of bone can be 
oaijily separated, and demonstrated in a separate 
state. If a piece of bone be immersed for a day or 
two in diluted muriatic (hydrochloric) acid, the 
earthy part will be completely dissolved out, and 
and the animal part will be left ; yet the bone will 
still have the same size and the same shape, — so 
intimately are the two different materials blended 
together. If it be now dried and weighed, it will 
be found to have lost nearly two-thirds of its 
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original weight — the loss coDsisting of the earthy 
particles. The substance now obtained is the car- 
tilage of bone, which is very nearly the same in 
composition as the cartilage which we find in the 
body, ready formed by nature. It is much softer 
than bone, but harder than any other of the soft 
parts ; it is highly elastic, and if compressed or 
bent, speedily regains its original shape. When 
dried, it assumes a darker colour, and becomes hard 
and tough, translucent, and very like horn. When 
boiled, this substance is nearly all dissolved, 
yielding a fine transparent jelly ; and it was a 
knowledge of this property which suggested to 
Papin the invention of his digester, in which, by 
boiling bruised bones under strong pressure, the 
jelly is obtained, and a large quantity of strong 
soup is made from what would otherwise be en- 
tirely worthless. The earthy part of the bone is 
demonstrated in a different manner. If a bone be 
put into a clear fire, and heated to redness, the 
animal part is entirely consumed, and a white 
friable earth b left behind. This earth consists 
almost wholly of lime, in combination with phos- 
phoric and carbonic acids. It is on account of their 
containing the former acid, that phosphorus is ob- 
tained from calcined bones. There are minute 
portions of other salts in the earthy part of bone. 
When a bone has been thus burned, and is weighed, 
it will be found above one-third lighter than at 
first, the loss consisting of the gelatinous part. As 
was remarked of the gelatinous part when obtained 
by itself, so also the earthy part has exactly the 
original shape of the bone, and the most minute 
bony threads of the cancellated texture are still 
seen existing.^ 

* It was long beliered that fat^ or oilt was an essential part of 
bones, but that is now known not to be the ease : for the greasy ap» 
pcaranee which bones are apt to have does not belong to themsel¥ee» 
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The boues are covered by a dense membrane 
called the periosteum, wbich adheres strongly to 
them, serves to convey the blood-vessels to tiiem, 
and sends prolongations into all the little holes 
which exist in great number on their surfaces. It 
also serves as the medium for the attachment of 
tendons and ligaments to them, having those parts 
in a manner interwoven and confounded with its 
outer surface. The periosteum has also a consider- 
able share in the growth of young bones, and in 
the reparation of old ones, when fractures or other 
injuries may have rendered that necessary. 

When the bones touch one another, and are 
moveable, they are particularly smooth, and their 
surfaces are adapted to one another by correspond- 
ing prominences and concavities. In addition, to 
obviate friction, they are covered at these places 
with what is called gristle, or cartilage. Cartilage 
is intermediate in hardness to bone, and what are 
properly called the soft parts — it is firm and re- 
sisting, and yet it has a great deal of elasticity. In 
some parts of the body there are cartilages serving 
for continuations to bones, such as those which 
continue the ribs, and connect them to the breast- 
bone, and they are exactly similar to bones from 
which the earthy part has been dissolved by an 
acid. But the cartilaginous crusts whicb cover 
the articular ends of bones are of a very beautiful 
and peculiar structure. If a piece of bone be sawn 
up towards its articular end, till all be cut through, 
and then the remaining part, and the cartilage 
covering it, be torn asunder, the cartilage will be 
found to present an infinity of fibres set perpen- 
dicularly on the surface of the bone. When a 
portion of the bone with its articular cartilage has 
been macerated in water for some weeks, the carti- 

but ii the consequence of the marrow transuding through them after 
death. 
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lage is found to have lost its smooth surface and 
its cohesion, and looks exactly as if the bone had 
been covered with a bit of white velvet. It will 
now be obvious, that, when pressure is made on 
the ends of the fibres, they are prevented from 
yielding much, by the closeness with which they 
are set together. In effect, the result is just what 
is seen on a larger scale, if the finger be pressed 
against the flat surface of a common clothes-brush, 
the bristles bending a little sideways, and so pre- 
senting an indentation on the surface. 

As bones are living parts, they of necessity are 
provided with blood-vessels and nerves. On the 
surface of every bone may be remarked an infinity 
of minute pores, into which small blood-vessels 
run. If the surface of a bone be exposed by an 
injury in the living body, it will be seen to bleed, 
and it can be coloured artificially in the dead body, 
in a manner which will be explained when we 
come to speak of the circulation, in Chapter YI. 
This colouration, however, is practicable only in 
young subjects, where a great flow of blood takes 
place to the bones, to provide material for their 
growth ; in adult years, when they have reached 
their full size, and have become hard and compact, 
much less blood, in proportion, circulates through 
them. There is another very curious way in which 
the vascularity of young bones can be demonstrated, 
by making the blood itself the vehicle of the colour- 
ing matter with which they are to be injected. If 
a young animal be fed for a fortnight or so, on food 
in which a proportion of chopped madder is mixed, 
the colouring principle of the madder will pass 
into its blood, arrive in its bones, and there chemi- 
cally combine with the lime, tinging the bones of a 
beautiful rose-colour, which is permanent, even 
after the bones have been cleaned and well washed 
in pure water. This fact has been long known to 

F 
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practical dyers who use madder in tlieir operations. 
The nerves which are distributed to bones are 
Tcry trifling, so that in the healtliy state they may 
be said to be ahnust insensible ; but when they 
become inflamed, their sensibility rs so much 
exalted, that the slightest touch causes excruciating 
agony. 

The formation and growth of bones is an exceed- 
ingly interesting subject, but one that cannot well 
be studied except in the museum, where there are 
preserved abundant specimens of young children 
in every difl'erent period of foetal life. In the feetus, 
cartilage serves as a substitute for bone at first, and 
about the sixth week after conception, earthy mat- 
ter begins to be deposited in it. In the flat bones 
it i& at first deposited in the centre, and extends in 
lines radiating to the circumference, forming a 
delicate net^work, like a bit of lace ; and layer is 
superadded upon layer, until the necessary degree 
of thickness is obtained. In the round bones, ossi- 
fication^ proceeds from the centre to the circum- 
ference. In the long bones, ossification commences 
at the middle of the shaft, and extends outward 
gradually to near the ends, when it stops. At a 
period soon after birth, the ends of the long bones 
begin to ossify separately, in their centres, in the 
same way that the short bones do, and they con- 
tinue separated from the shafts of the bones by a 
layer of cartilage, till the fifteenth, sixteenth, or 
even the eighteenth year. Hence children should, 
on no account, be rudely pulled about by the limbs ; 
as the ends of the bones are apt to be thus twisted 
ofi^— an accident which, if it do not occasion tlie 
loii^s of the limb, will at least produce incurable 
lameness. 

* Signifies changing into a bony lubstanee. 
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The chemical composition of human bone, de- 
prived of its blood, oil, and periosteum, is thus 
given with great minuteness by the celebrated 
Swedish chemist, Berzelius : — 

Cartilage and gelatine (soluble in water)^ 82.17 
Blood-vessels, . . . 1.13 

Fluoride of calcium^ . . .2.00 

Phosphate of lime^ . . . 51.04 

Carbonate of lime, . . .11.30 

Phosphate of magnesia, . . 1.16 

Soda, with a very little muriate of soda 
and water, .... 1.20 



100.00 



The account whicb has now been given of bone, 
as a tissue, is applicable, with trifling variations, 
not only to those of man, but to all the other mam- 
malia (sucking animals), and of birds. In the 
arrangement of the bones, however, every species 
differs from the rest, according to the purposes 
which its body and limbs are intended to serve. 
The bones united in their places constitute the 
skeleton. 

n. THE SKELETON. 

The skeleton consists of the head, trunk, and the 
extremities. No explanation is needed to define 
the limits of the bead. The trunk is composed of 
the spine, the ribs, the breast bone, and the pelvis ; 
supporting the head upon its upper end, and resting 
its lower end on the heads of the thigh-bones. The 
extremities are four — two superior, commonly 
called in man, the arms ; and two inferior, com- 
monly called the legs; but, in strict anatomical 
language, the leg is applied only to the part below 
the knee, the part above being always spoken of 
as the thigh ; and only the part above the elbow 
is called the arm, the part below being the fore* 
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ngs. 




nnn. We shall now examiae these parts in snc- 
ceesion more minutely. 

The Spine is the central column, resting on the 
pelvis and thigh-bones, and supporting the chest, 
the head, and the superior extremities. It is abotit 
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one- third of the length of the whole body; so that 
in a man who stands six feet high, the spine will 
be about two feet long. It consists of twenty- 
four pieces, or vertebrw, named from the Latin 
word vertere^ to turn, on account of their mobility. 
The largest is placed below, and they diminish 
gradually to near the top. Each vertebra is an 
irregular bone in its structure, and consists of a 
bodt/ B,nd processes,* as partly shown in figures 8 
and 9. 

The body of each vertebra is of the nature of a 
short bone, spongy in its texture, and very light. 
It is semicircular, or nearly so, beiug convex in 
front, and is flat above and below, where it sup- 
ports and rests upon its neighbours. In Fig. 9, 
B represents the body Fig. 9. 

of the vertebra, with 
its upper flat surface 
turned to the reader. 
From the back of the 
body, the arch of the 
vertebra is seen to 
spring, enclosing a 
space which is occu- 
pied by the spinal 
marrow. A couple 
of articular processes, 
A A, are seen, which receive a corresponding pair 
from the vertebra above, and two, similar to those 
that are sent downward, to articulate with the 
one next below. Then, to serve as levers, for the 
purpose of bending and turning the spine, we have 
two transverse processes, x x, passing out on each 
side, and the spinous process, s, passing backward. 
These spinous processes form the chain of projec- 
tions found under the skin, which give the name to 

•The word ♦♦process," in anatomy, signifies a projection or pro- 
minence. 
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the whole column. The four-and-twenty vertebras 
are joined together, so as to allow of a little mo- 
tion, and but a little, at any one joint, in order 
that the spinal marrow which passes down through 
the canal formed by the apposition of the different 
rings, may not be injured by too sudden a twist ; 
but that the curves which it is obliged to form, in 
the various motions of the body, may be very 
gradual. Even when at rest, the spine is not 
straight, but curved in three different places. — 
First, it curves forward, where it rests on the 
pelvis, that it may not be exposed to too rough a 
shock, when we begin to move, from being in a 
state of rest. Secondly, it curves backward, in 
the region of the back, to increase the capacity of 
the chest, in which the heart and lungs are to be 
lodged. Thirdly, it curves forward again in the 
neck, in order to bring the weight of the head, 
which rests on it, over the point of support be- 
tween the feet. Three regions are distinguished in 
the spine — the first, the curvical, or that of the 
neck, consisting of seven vertebras ; the second, or 
that of the back, consisting of twelve ; and the 
third, or that of the loins, consisting of five. The 
vertebras of the loins are the most moveable : it is 
here that the turning and bending of the trunk 
chiefly takes place, and, consequently it is in this 
region that injuries are most apt to occur. Those 
of the neck are also very moveable, in order to 
allow of the head being turned in every direction, 
principally, it would seem, to extend as much as 
possible the sphere of vision. To the twelve ver- 
tebras of the back ribs are attached — twelve on 
each side, in order to form the chest. On this 
account, they admit of but little motion to one 
another, because they, with the ribs and breast- 
bone, are to work together, as constituting, in a 
great measure, a single organ. The ribs are long 
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eurvtid bouoa, convex externally, and concave inter- 
nally. They get graduHlly longer fruin Uie first to 
the seventh, and from that shorter again, to the 
twelfth. The ten upper ribs are connected to the 
breast-bone in front, by means of thin cartilages ; 
which arrangement, it has been already remarked, 
gives elasticity to the walls of t'le chest. The 
lowest two, not being attached in front, are called 
the floating rihs. The heads of the ribs behind 
are connected to the vertebrae by a kind of hinge 
joint, which allows each rib to move up and down 
in the action of breathing. Each rib passes from 
its attachment, downward, outward, and forward ; 
so that when lifted up by the muscles of inspira- 
tion, it at tin) same time is carried outward, and so 
enlarges, in both directions, the capacity of the 
chest. 

The Breast-bone is about seven inches long, 
about two broad above, and one below, and ends in 
a moveable point formed of cartilage. It is smooth 
and convex in front, gives the prominence to the 
fore-part of the chest, and projects conspicuously 
in some individuals, who are thence commonly 
called '' pigeon-breasted." It has tlie cartilages of 
the ribs inserted into its edges ; it lias a hollow in 
its upper part to make room for the wind- pipe to 
pass down behind it, and to its two upper corners 
the two collar-bones are attached. 

The Chest viewed as a whole, is conical — tlie 
apex of the cone being above, and the base below ; 
the aperture above is small, measuring about four 
inches across, and two from before backward, 
allowing the wind-pipe and gullet, and the great 
veins of the arms and head to pass down, and their 
arteries to pass up. The inferior opening of the 
chest is large, and is filled by a muscle named the 
diaphragm, a Greek word, which literally means 
the partition ; because it separates the belly from 
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the chest, forming a roof for the one, and a floor for 
the other. The chest is considerably deeper behind 
than in front, and the edges of the cartilages of the 
ribs can be felt, and, in a thin person, seen passing 
upward from the flanks, and meeting at an angle 
with the breast-bone, leaving a hollow between 
them, which is known as the pit of the stomach. 

The Pelvis is so named because it is somewhat 
like a basin, only it has a wide aperture ih the 
bottom, through which the canals from the bowels 
and the bladder, and in the female from the womb, 
make their exit. It consists of three distinct parts, 
the two haunuh-bones, and the rump-bone. The 
last part sometimes receives the name of the false 
vertebrsB — for in the young subject it consists of 
five pieces, which are real vertebrae — but in the 
adult these are firmly united into one, convex 
behind, and concave in front. It is of a triangular 
form, the base above, and the point below ; and is 
terminated by two little pieces, which do not make 
any projection externally. The portions of the 
pelvis which form its sides are of a very irregular 
figure, expanded above, on each side, to form the 
projections of the haunches, narrow where they 
meet in front to form the part called the share- 
bone ; having two knobs below, on which we sit, 
and two sockets below, and towards the front, for 
receiving the heads of the thigh-bones. From the 
structure of the pelvis it will be understood that it 
forms nearly a circle, possessing the strength of 
the double arch. The upper part of the arch has its 
abutments resting on the heads of the thigh-bones, 
and supports the spine upon its key-stone ; while 
the reversed arch below binds the abutments 
together, and prevents their separation. The 
pelvis has another use, in forming the floor to the 
cavity of the belly, and so assisting to support iU 
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contents, aod yet another, in giving origin to tbe 
powerful muaclea which move the loner limbs. 

The Head in placed upon the end of the Bpinal 

column, in order tliat the brain, which is contained 

i'l^AO. in '*> may 

be connect- 



ed with the 
spinal n 




two parts, 
the cranium 
andthefacei 
the first for 
containing 

F. FioBtal bon*. P. ParkUl bon: T. Tcirponl the brain - 

buns. N. Niui i>on«. L. Lubciinii boni B. the Organs 

HoK leading Into tbe w. of Bight, 

smell, and taste. The cranium is very nearly of 
the shape of an egg, the larger end being back' 
ward, and the Emaller one forward ; presenting 
thus the characters, and having the strength of a 
double dome. Tlie upper dome is, however, 
stronger than the lower one ; and lience we find 
that when a man falls, from a height, on his head, 
the fracture is most frequently not at the part 
struck, but at the base, where it is completely out 
of the reach of the surgeon. The face cannot be 
compared to any knovrn rcguhir figure; it is cxca- 
F 2 
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vated by several cavities, one large one for the 
mouth, another of considerable size for the nose, 
and two smaller pyramidal ones for the eyes, called 
the orbits. The number of bones in the head 
(fig. 10,) is twenty-two. 

The Cranium, or brain-case, is composed of eight 
bones, which are mostly of a flattened furm, convex 
externally, and concave internally. The frontal 
bone forms the forehead, and the roof of the orbits ; 
the occipital bone forms the back and under part 
of the head, and in this bone is the large hole 
through which the spinal marrow passes down 
from the brain. The two parietal bones meet in 
the middle above, and form the upper and lateral 
parts of the head ; in the centre of each is a pro- 
tuberance giving the greatest breadth to the head, 
rather farther back than its middle. The tem* 
poral* bones are placed on each side, occupying 
the inferior lateral parts of the cranium, and ex- 
tending into its base. In each is seen the funnel- 
shaped opening which adniits the waves of the air 
to the drum of the ear, called the external auditory 
canal, to the edges of which the external ear is 
appended. The hard part of each, extending into 
the base of the cranium, contains the essential part 
of the organ of hearing. The two remaining bones 
are placed at the base of the cranium, and belong 
equally to it and to the face. The mthmoidov 
sieve- like bone, is so named, on account ot its 
upper plate being perforated with forty or fifty 
boles, through which the twigs of the olfactory 
nerves pass into the nose. A small part of it 
forms a portion of the inner boundary of the orbit, 
but this cannot be seen in the engraving. The 
spenoid, or wedge-like bone, is so named, not 
from any similarity it bears to a wedge in shape, 

* So called from the Latin word tempun, signifying time, because 
ou the hair covering them, the traces of time are first manifested. 
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but from its being wedged among so many other 
bones ; for it is united to the other seven bones of 
the cranium, and to five of the face, all of which 
it in a great measure serves to bind together. 

The vault of tiie cranium is smooth and regular, 
where it forms a roof for the protection of the 
brain ; the floor of it is divided into six pits or deep 
boUows, for containing tlie different lobes of the 
brain. Numerous holes exist in the base of the 
cranium, for the entrance of tlie nourishing arteries 
of the brain ; for the exit of its veins, and for the 
passage of numerous nerves which are to connect 
the brain with the organs of tho senses, and with 
the other parts of the body. 

Tho face consists of fourteen bones ; six pair, 
and two single ones. The two upper jaw-bones 
form the principal part of the face. They meet in 
the middle line, forming the arch in which the 
upper row of teeth are set, and extend backward, 
forming the principal part of the roof of the mouth. 
A process runs up from each, separating the cavity 
of the nose from that of the orbit. In order that 
the face may be lighter, the body of the maxillary 
bone is not solid, but excavated, — the cavity com- 
municating with the nose, as will be seen in the 
description of that organ.* The roof of the mouth 
is completed by the two palate* bones. The firm 
part of the nose, from its roof to its bridge, is 
formed of two small pieces, meeting in the middle, 
called the nasal bone?. These are liable to be 
broken, or knocked in, by a blow, an injury which 
occasions great disfigurement. The opening of the 
nose in front is seen in the skull to be of an oval 
figure, bounded by the two nasal, and the two 
upper jaw-bones (shown in fig. 22). Bounding 
the lower and outer parts of the orbits are the 
two cheek-bones, making the prominences on the 

* Chapter I 
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sides of the face, which are so marked in the races 
of Celtic origin. At the inner sides of the orhits 
are two little hones of the size and shape of the 
finger nail, called the lachrymal bones, because 
they form the chief part of the canals through 
which the tears find their way into the nose. 
Forming the partition of the nose, is a bone 
resembling a ploughshare in shape, and in each 
side, within the nose, is a spongy bone, for the 
purpose of extending the olfactory surtace. Finally, 
the lower jaw is a single bone, its dental arch 
equalling in size that formed by the upper jftw- 
bones), and containing as many teeth. Tlie fore- 
part of this bone is the chin, extending back from 
which, and gradually separating from each other, 
are its sides, which terminate at the angles, and 
from the angles the branches rise nearly perpen- 
dicularly upward, to be attached by moveable joints 
to the sockets in the two temporal bones. 

Though composed of so many pieces, the whole 
head moves as one mass on the top of the spine ; 
and the only motion that takes place between its 
parts, is the opening and closing of the mouth. 
This is done by the lower jaw dropping and being 
again lifted, while the upper jaw remains unmoved.* 

The Orbits are two cavities placed in the face, 
for containing the eyes. Each orbit is of a conical 
figure, the apex being behind, where the optic nerve 
enters it, and the base being in front ; and it is 
much larger than is necessary for the eye alone, — 
this delicate organ being cushioned on a quantity of 
soft fat, in order that it may move with the greatest 
ease in every direction. The inner walls of the 
orbits are parallel, while their outer walls diverge 
widely from one another, to give the eyes the 
advantage of as wide a range as possible. 

* This arrangement holds good in all beaits andbirdu; it is only 
when we descend to the reptiles and fishes, that we find both jaws 
moving, as in the crocodile and the shark. 
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The Lower Extremities consist each of thirty 
bones. The thigh contains a single bone, the 
largest in the body. It has a long shaft, from 
which a neck goes off at an obtuse angle, sur- 
mounted by a smooth, globular head, covered with 
cartilage, which is received into the socket that has 
been described as existing on the pelvis. Where 
the neck of the bone joins the shaft, there are two 
prominences which serve as levers for the attach- 
ment of strong muscles. The lower ends of the 
thigh- bones are large, and rest on the heads of the 
shin-bones. Their lower ends are much nearer one 
another than their upper ends, thus bringing the 
points of support underneath the weight of the 
body. The bones of the leg are two. The shin- 
bone is the inner and the larger, placed perpendi- 
cularly under the body, — it has a broad end above 
to articulate with the thigh-bone, and a smaller one 
below, to unite with the foot in the ankle-joint. 
One of its ridges is felt under the skin the whole 
way down, and is the part usually known as the 
shin. The outer slender bone (called the fibula) 
passes from the upper end of the shin-bone to the 
lower: it is connected with the ankle joint, but 
forms no part of the knee-joint ; it has no connec- 
tion with the thigh-bone, and therefore supports no 
part of the weight of the body. It serves to 
increase the breadth of the leg, without adding 
much to the weight, and is connected in its whole 
length to the shin-bone, by a strong membrane, or 
ligament, which serves to give attachment to 
muscles as well as if it had been bone, with the 
advantage of being much lighter. The lower ends 
of these two bones make the projections which are 
called the inner and outer ankles. Intermediate to 
the thigh and leg is the knee-pan, a bone which 
corresponds to the elbow in the upper extremity. 
It glides on the smooth anterior part of the thigh* 
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bants, ia attached to the eliin-bone by a strong 
lignment, and lias the powerful extensor, or 
stretcher, muscles of the ]eg, inserted into it. It 
increases the power of these muBclcs, hy throwing 
their attachment forward, and therefore farther from 
the centre of motion of tlie leg, thus conieiring on 
them the advantage of a lever power. 

Pig_ ,1. "^^^ ^"^ot consists of twenty- 

six bones. Seven of these form 
the tarsus, or solid part of the 
foot, to which no English word 
corresponds. Five compose the 
instep, or metatarsus, and the 
remaining fourteen are the joiota 
of the toes. One of the bones 
of the tarsus ia shaped above 
like a pulley, and is received be- 
tween the projections of the two 
bonea of the 1^ forming the two 
ankles, so that by its motion the 
foot is bent up at right angles to 
tiie leg, or pointed with the toes 
dowDwitrd. The bone of the 
heel projects nearly nn inch and 
a half backward, giving a strong 
lever for the insertion of the 
powerful muscles which form the 
calf of the leg. The niixt booe 
The ibote gggro le. is in front of the pu!ley-like 
prewnu the upper .ur- [j^gg^ and in sonie persons is very 
puiie^^ihi pod bone, b', moveable, admitting of much 
hKl-boiie. M, nivLculir lateral motion across the middle 
" 3 fli'it'''ie«>nd'»nd ofthefoot. Three w edge-all aped, 
Lhird, wedge- ihiped and One cuboid (cubular-shaped) 
bonH. e.cutwidbune. \joag^ in front of these, complete 
bonet. I. moTeabie the tarsus, and support the in- 
Mniioftoei. step. The five bunos of the 

tuutatarsus arc ra:li about two inches and a half 
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long; they are attached posteriorly to the solid part 
of the foot, and anteriorly they support the toes. 
Their anterior ends rest upon the ground in stand- 
ing, so that the foot presents an arch — the end of 
the heel-bone behind, and the ends of the meta- 
tarsal bones in front, being the abutments, while 
the pulley-like bone is the keystone on which tlie 
weight of the body rests. (See Fig. 11.) This 
arch is not, however, firm or rigid, but yields a 
little when leant on ; and to prevent its yielding 
too much, is strengthened below with strong liga- 
ments, passing like a bow-string from behind for- 
ward. The degree of hollowness is very different 
in different persons, and those in whom Jt is most 
developed are always the most active and the best 
pedestrians. The foot is arched also from side to 
side; and in the hollow thus gained, the blood- 
vessels, nerves, and tendons, going to the toes, lie 
secure from injury by pressure. The metatarsal 
bone of the great toe is much stronger than that of 
any of the otiiers. To this toe there are only two 
moveable pieces, much larger than the joints of the 
other two. Each of the smaller toes has three 
pieces, similar to the joints of the fingers, but much 
smaller, as they are not intended for laying hold 
with. The last piece is enlarged toward its point, 
for supporting the nail on its upper, and the pulpy 
extremity of the toe on its lower surface. 

III. — THE JOINTS. 

The bones composing the skeleton are articulated 
or joined to one another, in three different ways. 
1st. They are found dove-tailed into one another, 
with the intervention of a very thin layer of carti- 
lage, and are quite immoveable. 2d. They are 
connected by means of one or more layers of carti- 
lage between them, and ligaments or fibrous bands 
on their outsides, tying them together, and admit* 
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ting of more or less motion. Sd. They are united 
by means of cartilages, ligaments, and synovial 
membranes, which united apparatus form the most 
perfect joints, such as are found between the bones 
of the extremities. The unions of the bones of the 
cranium are called sutures^ from the Latin word 
signifying to sew, because they seem as if stitched 
together ; the fibres of the one bone forming pro- 
longations which pass into the notches or spaces 
left by the similar prolongations of the other, as 
given in the representation of the skull, fig. 10. 
Between these runs a thin layer of cartilage. 
These sutures run in determinate lines over the 
head, as seen in the drawing of the cranium just 
referred to ; but, in an article of this kind, for 
popular reading, it would be out of place to give a 
more detailed description of them. 

The bones of the spine are united by thick 
layers of a peculiar cartilage, mixed with ligaments, 
placed between them, admitting of but little motion 
between any pair of bones, but allowing considera* 
ble curvatures to take place in the whole length of 
the spine. The reason of this arrangement obvi- 
ously is, that the spinal marrow which is contained 
in the canal formed by the contiguous rings of the 
twenty- four vertebrae, may not be subjected to any 
injurious pressure or twisting at any one point; 
and the proof of this remark again is, that when a 
man has his spine fractured or dislocated, the spinal 
marrow is either torn through, or pressed upon so 
as to be unfit for its office, or an inflammation is 
excited in it, which results in its destruction, so 
that incurable palsy and a piecemeal death are 
sooner or later the results. Strong ligaments also 
pass down the spine in front and beliind, binding 
its different pieces together. A very beautiful 
adaptation of the joints of the spine to the habits 
of its possessor may be observed in a cod^ salmon. 
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or other large fish, where the opposed surfaces of the 
YertebrsB will be found hollowed so as to form two 
cups, between which an almost jelly-like cartilage 
serves as a ball, thus completing a double ball-and- 
socket joint. In the human spine, because its 
motions are not required to be so extensive, the 
resemblance to a ball-and-socket joint is but 
remote, yet still the principle on which it is formed 
is quite the same. 

Ligaments, it should be stated, are composed of 
numerous straight fibres collected together, and 
arranged into short bands of various breadth, 
parallel or radiating, and interwoven with others 
which cross them, so that they cannot, even on the 
dissecting table, be split up into threads. Some- 
times the ligament is so formed as to surround the 
articular ends of two bones which move upon one 
another, and here it is called a capsule, or capsular 
ligament. Ligaments are not extensible nor elas- 
tic; hence, when any attempt is made to stretch 
them too far, great pain is the result, and iuflam- 
mation follows, and thoy are said to be sprained, — 
if the force applied he greater still, they may even 
be entirely ruptured. 

The different parts of the pelvis are united by 
means of cartilage and ligaments, each bone having 
its articular surface covered with cartilage ; and 
these are laid together, with or without the inter- 
vention of a third layer, and are bound firmly by 
ligaments passing over them. Such are the joints 
between the two haunch-bones, and between them 
and the rump bone. 

The joints of the extremity, it has already been 
remarked, are of a more complicated nature. The 
ends of the bones entering into the joints, having 
their forms adapted to one another, are covered 
with cartilage ; then they are tied together by 
ligaments ; and, in addition, a membrane called 
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Bynovial, is spread over the ends of the bones and 
lines the ligaments, forming a shut bag, wliose 
inner surfaces are everywhere in contact, and, to 
obviate friction, are moistened with a bland mu- 
cilaginous fluid, called synovia. The synovial 
membrane has a smooth velvety surface, like the 
membrane which lines the mouth and nose. The 
fluid which serves the purpose of oil to the joints, 
does not, in reality, contain any oil, yet it has very 
much the feeling of oil when rubbed between the 
fingers. When it increases too much in quantity 
it produces dropsy of the joints. 

Figure 12 is a plan of a finger -joint, one of the 
simplest of the perfect joints. B, b, arc the two 
Fig. If. bones; l, l, the two side ligaments, 
which may be felt at the sides of the 
finger, tying together those parts of 
the two bones between which there 
is the least motion. The cartilages 
are seen marked by cross lines, cover- 
ing the ends of the bones, and inside 
of these, the synovial membrane is 
seen lining both them and the liga- 
ments. A space is represented within 
the joint, merely for the sake of mak- 
ing its component parts plainer; but, in reality, 
there is no space or cavity within a joint, all the 
surfaces being in close contact. 

The structure of articular cartilage has been 
already described under the proper head ; it is only 
necessary here to remark that it seems to prevent 
any of that jarring which might be expected to 
result, were the hard surfaces of bones to be brought 
with violence immediately into contact. 

The motions permitted in joints may be referred 
to four heads, namely, glidings flexion and exten- 
sion, circumduction, and rotation. 1. Gliding is 
the simple movement of one articular surface upon 
another, and exists to a greater or less extent in all 
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the joints. In the least moveable joints, as those 
of the solid parts of the hands and feet, this is the 
only motion which is permitted. 2. Angular 
movement is seen most simply in the joints of the 
fingers, where no other motion is permitted but 
that of flexion and extension. At the joint between 
the metacarpal bone and first bone of the finger, 
adduction and abduction are also permitted ; that 
is, approaching to or moving from its next neigh- 
bour. 3. Circumduction consists in the perform- 
ance of these four motions consecutively, flexion, 
abduction, extension, adduction, as is seen in 
making the point of the fore finger describe a circle, 
having the metacarpal joint for its centre. 4. no- 
tation is the rolling of a bone upon its own axis, as 
is seen in the hip and shoulder-joiuts, the upper 
end of the radius in pronation and supination of 
the hand, and the articulation between the first 
and second vertebrse of the neck, when the head is 
turned quickly round from side to side. 

The head is set upon the first vertebra of the 
neck, through the medium of a couple of joints, 
admitting of only flexion and extension. When a 
quick nod of the head is given, the motion takes 
place here. The first vertebra of the neck is a 
circle moving round a pin projecting from the 
second vertebra — thence called the axis — carrying 
the head round with it, in the quick short move- 
ment of looking sideways. The only complete dis- 
location that takes place in the spine is at this joint, 
in consequence of the destruction of a ligament 
which keeps the bones in their places. When 
this happens, the weight of the head makes it fall 
forward, carrying the first vertebra with it, and 
the spinal marrow is so nipt between its ring and 
the projecting pin of the second, that the sufferer 
dies instantaneouslv. 

The articulation of the lower jiw, with the tern- 
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poral bone, is almost a hinge -joint. Tlie upper 
end, or condyle, of the jaw-bone is covered with 
cartilage, and so is the socket, and the two bones 
are tied together by side ligaments. Besides, 
there is a moveable cartilage in the joint which 
accompanies the condyle of the jaw in its motion. 
Notwithstanding all these appliances, the jaw is 
sometimes dislocated, slipping forward off the emi- 
nence upon which it gets when the mouth is 
opened. When this accident takes place, which 
generally happens from a violent yawn, the patient 
is left with his mouth wide open, and has not the 
power of closing it, presenting a very ludicrous 
figure to his companions, though his situation is to 
himself suificiently uncomfortable. After this dis- 
location has happened it is exceedingly liable to be 
reproduced, in consequence of the torn ligaments 
never properly uniting. 

Strong bands of fibres tie the collar-bone to a 
slight hollow in the upper corner of the breast- 
bone ; the motion is very free, and to render it the 
more so, a moveable cartilage is interposed between 
them. This joint is very rarely indeed injured. 
The collar-bone and shoulder-blade are very firmly 
bound together so as to move as one piece, and yet 
a slight yielding is permitted, otherwiise, as they 
stand at right angles to one another, fracture or 
dislocation, about this joint, would much more 
frequently occur. 

The shoulder-joint is of all others the most fre- 
quently dislocated. This results partly from its 
form, and partly from its being more exposed to 
violence — since every fall, whether upon the shoul- 
der, arm, or hand, has a tendency to displace it. 
The cavity on the shoulder-blade is so small and 
shallow, that the round head of the arm-bone is 
laid not in it, but on it ; its barrel-shaped capsular 
ligament is strong, but loose, so that the bone 
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depends for being retained in its place, upon the 
muscles which surround it; and if these be over- 
come, or taken by surprise, particularly when the 
arm is raised above the head, the head of the bone 
is dislocated down into the arm- pit. Tt is, in 
general, replaced without much difficulty, but is 
exceedingly liable to be thrown out again. The 
author recollects one man, who fell into fits occa- 
sionally, whose shoulder-joint he saw dislocated, 
and assisted to reduce, three times, on three suc- 
cessive days. The shoulder- joint admits all the 
varieties of motion as described in a preceding 
paragraph. 

The elbow-joint is more complex than the 
shoulder. It is double in its motions, admitting 
of the flexion and extension of the fore-arm on the 
arm, and the rolling of the head of the radius. 
For the first motion it has two strong lateral liga- 
ments, which may be felt at the two sides, render- 
ing it a hinge-joint ; and, for the second, the neck 
of the radius is confined to the side of the ulna^ 
by a collar in which it rolls. A synovial mem- 
brane covers the ends of the bones, and lines the 
different ligaments. It may be dislocated in many 
directions. Both bones of tho fore- arm are, most 
commonly, thrown backward, as in consequence of 
a fall on the hand — then the arm is nearly straight, 
and cannot be bent. Sometimes the fore- arm is 
thrown sideways, either outwards or inwards and 
sometimes the radius is dislocated alone backwards, 
forwards, or outwards. From its complexity it is 
also exceedingly subject to disease. 

The wrist is a hinge-joint, moving backwards 
and forwards, and also allowing the hand to be 
carried a little edgeways, outwards or inwards. 
The lower end of the radius forms a socket in 

* The larger-of the two bones of the forearni. 
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which tlie uppermost two bones of the wrist move, 
united so as to form an oblong ball. Two lateral 
ligaments confine the hand to the lower ends of the 
radius and ulna, and the whole joint is lined by a 
synovial membrane. This joint is scarcely ever 
dislocated ; but it is liable to sprains, and to dis- 
ease, producing occasionally the loss of the hand. 
Closely connected with the wrist-joint, although 
not actually forming a part of it, is the joint 
between the lower ends of the radius and ulna. 
Here there is a socket in the edge of the radius, 
which is made to revolve round the small lower 
end of the ulna which remains fixed, while the 
hand is thrown alternately with its palm and its 
back forwards. The bones of the hand are not 
subject to dislocations, except at the joint between 
the first and second pieces of the thumb — a seem- 
ingly trifling affair; but one which is extremely 
diificult to set to rights — so much so, that many of 
those who are the subjects of this accident, con- 
tinue to go with the point of the thumb bent back 
all the rest of their days. 

The hip-joint consists of a deep socket in the 
haunch-bone, into which the round head of the 
thigh bone is set. A capsular ligament, of great 
strengtl), of a barrel-shape, attached round the 
edge of the socket and to the neck of the bone, 
fixes it in its place. The opposed surfaces of the 
bones are covered with cartilage, and are tied toge- 
ther by an internal ligament. A new explanation 
of the use of this ligament has been given within 
the last year, from which it would seem, tliat, as 
its attachment to the thigh-bone is on a higher 
level than its connexion to the bottom of the socket, 
the superincumbent weight rather swings from, 
than rests on, the head of the thigh-bone. The 
whole is lined with a synovial membrane. This 
joint, notwithstanding its strength, is subject to 
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dislocation, principally on account of the long lever 
which the tliigh-bone affords to any force acting 
upon it, so as to tear the head from its socket. 

The knee is the most complicated joint in the 
whole body. The ends of the thigh-bone and tibia 
are each covered with cartilage, and in contact, but 
neither of them is hollowed — so that the joint does 
not depend for strength on its form, but on the 
number and strength of its ligaments. Two of 
these are placed externally and internally — as in all 
hinge-joints — and seven others are arranged, in 
different positions, within and without it. The 
knee-pan is placed in front of it, and the whole is 
lined with a synovial membrane, which is the 
largest in the body — hence the fever and extreme 
constitutional disturbance that arise when this joint 
becomes inflamed. It lies very superficial, bein;^; 
covered only by the skin in the greatest part of its 
extent ; and consequently is very easily wounded. 
It is never dislocated, except by such a force 
as destroys it altogether, and necessitates the im- 
mediate removal of the limb by amputation. 

The Ankle is a hinge-joint, having one lateral 
ligament on its inner, and three on its outer side. 
Tlic upper surface of the astragalus is like the half 
of a broad pulley ; it plays against the lower hollow 
end of the tibia, or great bone of the leg, and is re- 
ceived between the two ankles, formed by it and 
the fibula. This part of the astragalus is narrower 
behind than in front, so that when the foot is at 
riglit angles to the leg, as we stand on it, the broad 
])art is between the ankles, and it is firmly fixed ; 
but when the foot is extended, pointed downward, 
the narrow part is brought between them, so as to 
admit of the toes being directed to either side. The 
ankle-joint may be dislocated forwards, or to either 
side. This never happens without one of the 
ankles being broken oif, the ligaments being €0 
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strong that the bone v/ill break rather than they 
should give way. The dislocation of theankle can 
scarcely take place without a wound co-existing. 
And here is a suitable opportunity for explaining 
what is meant by a simple, and what by a com- 
pound dislocation. 

A simple dislocation is one where the bones are 
displaced, but the joint is not laid open ; a com« 
pound one need not be more serious in so far as the 
bones are concerned, but is accompanied with a 
wound leading into the joint, which, consequently, 
inflames and suppurates, and brings the sufferer 
into great danger of losing his limb, if not his life. 
In the same way, a simple fracture is when a bone 
is broken without a wound ; a compound one is 
where there is a wound communicating with the 
broken surfaces. 

The joints across the foot are numerous, and not 
easily described in a treatise of this kind. There 
is one joint across the middle of the tarsus, or solid 
part of the foot, which, in some persons, admits of 
a good deal of lateral motion ; and, in such feet^ is 
liable to be sprained. Another joint runs across 
between the bones of the tarsus and those of the 
instep. An accurate knowledge of these joints is 
necessary to the surgeon ; for in those severe 
accidents which are constantly occurring to the 
labouring population, where a part of the foot is 
crushed, he is often enabled to preserve a useful 
foot, by cutting away the injured part, at one of 
the joints, leaving still the heel to rest upon, and 
an artificial apparatus is adapted to the stump, to 
represent the anterior part of the foot. The joints 
of the toes require nothing particular to be said of 
them — only that they are similiar to those of the 
fingers, but much smaller. In persons who drink 
much wine, they are apt to become affected with 
gout ; and in elderly people, the joint at the ball 
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of the great toe is apt to be drawn, so as to make 
an ugly projection on the inner side of the foot — 
become exposed to pressure from the shoe, and so 
produce a corn, which, from its situation, ia 
incurable. 

The most common disease of joints is their 
inflammation. Sometimes this is acute, as after 
injuries, or from rheumatism. The synovial bag 
becomes inflamed, and forms an inordinate quantity 
of fluid, which distends the joint enormously. It 
is accompanied with intense redness and acute pain, 
and requires bleeding and other treatment, to re- 
duce it. Tn scrofulous persons, the inflammation 
does not assume this acute form, but is low and 
long-continued; the synovial membrane forms 
purulent matter, instead of merely an increased 
quantity of its natural secretion ; the matter 
gradually works its way to the surface, making 
one or two ulcerated openings, leading directly 
into the joint ; and by and by, the cartilages ara 
destroyed — so that, if a probe be introduced, the 
ends of the bones are felt to be bare and rough. 
In this state the patient's general health suffers 
much ; he becomes affected with shiverings, 
profuse night sweats, and purgings, and unless the 
limb were amputated, he would speedily die. In 
the cases of the shoulder and elbow, an operation 
has come much into use within the last twelve 
years, by which an incision is made through the 
skin, and the diseased ends of the bones cut out ; 
a new false joint forms, and the use of the limb is, 
in a great measure, restored. 
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CHAPTER Vr. 

THl5 CIRCULATION AND RESPIRATION. 

I. — THE CIRCULATION: 

Showing the wonderAil raechanitm of the '* water-works " of the 
Human System, fand the various diseases of the Hearty Lungs* 
&c.,) the whole displaying in an extraordinary manner, the Infinite 
Wisdom and Skill of the Creator. 

In all living bodies, not too minute for us to dis- 
sect^ we find that there is a vital and highly nou- 
rishing fluid distributed all over the body, and 
penetrating into the intimate structure of every 
part, on the presence of which, life, in a great 
measure, depends. This fluid is the blood. The 
blood in man is of a beautiful rich crimson colour : 
it is not so, however, in all living creatures ; for 
in many at the lower end of the scale, it is white 
or colourless. In the mammalia^ birds, reptiles, 
and fishes, it is red ; and in the other classes of 
animals, with a few exceptions, it is colourless. 
Hence arose the mistake, which was so long com- 
mitted, of supposing the lower classes to be alto- 
gether destitute of a circulation. Its colour varies 
also in diflerent parts of the body. Tn the minute 
vessels, which are like hairs, and hence called 
capillaries^ it is colourless, because into those the 
red globules are too large to penetrate ; in the 
arteries it is vermilion ; in the veins of a strong 
crimson purple ; and at the right side of the heart 
ii is almost black. It feels thick and unctuous 
between the fingers, and has a slightly saline taste» 
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la regard to its heat, it varies ; in some creatures 
being warm, and in others cold ; in man, its heat, 
near the heart, is 98^ Fahrenheit. When examined 
by the microscope, blood is seen to be composed of 
an infinity of red globules, of extremely minute 
size, floating in a thin transparent yellowish fluid ; 
and when drawn into a cup, these parts sponta- 
neously separate : the red globules coagulating into 
a firm elastic clot, while the serum (so called from 
resembling whey) becomes clear, and of a yellow 
colour. The clot is principally composed of an 
animal matter called fibrin, which, it has been 
already stated, is the principal constituent of the 
muscles. The red colour is not a necessary quality 
of this substance, for it can be washed out, leaving 
the fibrin almost white ; it depends, according to 
some chemists, on a small quantity of iron which 
exists in the blood ; and, according to others, on a 
peculiar colouring principle, different from anything 
existing elsewhere. The serum consists of water, 
holding in solution many salts, of which the two 
most plentiful are common salt, and the phosphate 
of lime, which has been already spoken of as form- 
ing more than half the weight of the bones. The 
description of the blood-globules has occupied a 
number of ingenious and patient investigators; 
but the results they have arrived at, are by no means 
satisfactory. The latest authority gives their 
diameter as on&-three-hundred-and-twenty-fifth of 
a line being the twelfth part of an English inch. 
Lecanu's analysis of the blood is as follows : — 

Water -..-.- 786.600 

Albumen 69-415 

Fibrin, -.-.-- 3.566 

Colouring matter, - - - 118-626 

CSpystallizable fatty matter, - - 4-300 

Oily matter, .... 2*270 
Extractive matter, soluble in alchohol and 

water, 1-920 
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Albumen, combined with soda, • 2*100 

Chlorides of soda and potass, alkaline, 
phosphates, sulphates, and subcar- 
bonates 7*304 

Subcarbonate of lime and magnesia, phos- 
phates of lime, niiiguesia and iron, 
peroxide of iron, - - - 1*414 

Lod3, 2-586 



1000-000 



The proportion of the fluid to the solid part of 
the blood is nearly that of four to one, as minutely 
stated in the accompanying table ; yet from this 
small quantity of solid matter, the wants of all 
the various parts of the body are supplied. It is 
generally believed now, that the component parts 
of all the different solids and fluids of the body 
exist already formed in the blood ; and that in the 
course of its distribution, these are merely sepa- 
rated from it, and arranged in new combinations. 
This subject will be more fully examined under the 
head of Secretions, Chapter VIII. 

For the purpose of sending the blood all over 
the body, there are a set of tubes everywhere dis- 
tributed, wliich are called the arteries ; and to 
drive the blood through them, there is an organ 
similar in its action to a syringe, which is called 
the heart. The blood is alive. This was plainly 
expressed in the Bible more than three thousand 
years before science could be assured of the fact, 
but now there is not any truth in physiology 
more certain. The blood is also the vehicle of life 
to every atom of our organisation. By properties 
peculiar to itself, all the various fluids of our bodies 
are produced from it, and every particle of every 
bone, muscle, membrane, nerve, and vessel, must 
have existed as an ingredient of the blood, and 
have been conveyed to its appropriate place by 
tills circulating spring of energy and nourishment* 
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No vital actioD is mnintnined without blood, and 
sliDuld it cease to fluw iliruiigh the brDin, all the 
eensea would be instantly shut up, and every 
function speedily suspend ed. And then, the 
mechauism subservient to the will being no longer 
obedient or fit for use, by a wise and benevolent 
provision of our Maker, all consciousness of the 
body would cease, and the soul commence its flight 
to other reigions. 

Fig, 13, Persons who Have heard of the 

circulation of the blood, but who 
have not duly reflected on its 
nature, are apt to suppose that it ts 
maintained simply on hydraulic 
principles, the blood being driven 
out by the heart, as if from a foroC' 
purap, through one set of vessels, to 
be returned through another. As 
far as the mechanism is concerned, 
this is quite true, and the apparatus 
is perf^ for the purpose, bnt some- 
thing more Is needed. It Is found 
that a dead fluid like water will 
not pass through the dead vessels 
^(. ' as the living blood passes through 
"1 i| X the living vessels. 
njl In figure 13, we have a plan of 

■^ the simplest idoa of ibe circulation 
as performed by a single heart, v, represents the 
ventricle, or strong muscular bag of the heart, 
which, when filled with hlood, contracts upon It, 
just as any other muscle does, and so forces out the 
contents through the pipe which arises from it, 
called the aorta, just as you squeeze the contents 
of an India-rubber hag out through a pipe fixed 
into its neck. The only difierence is, what where- 
as an external force squeezes the bag; the heart, 
being muscular, has a power of conUaction of its 
o 2 
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own ; if the expression be allowable, it squeezes 
itself. And then, just as the India-rubber bag 
regains its shape when you take ofif the pressure, 
so the heart, when it has squeezed out all the blood, 
dilates itself again, and is ready to contract anew. 
It is this alternate contraction and dilation which 
constitute the beating of the heart. 

The blood having been poured into the great 
artery, goes through branches up to the head, and 
down to the lower part of the body, where its 
minute or capillary terminations are seen to end in 
veins. Those from the lower part of the body 
form an inferior great vein ; those from the upper, 
a superior ; and the two veins terminate separately 
in a bag a, called the auricle. The auricle is not 
near so strong as the ventricle, because it has 
nothing to do with forcing the blood over the 
body ; it is intended merely as a receptacle for the 
venous blood, till the ventricle be ready to receive 
it. Its name is derived from a Latin word signi- 
fying the hanging part of the ear, because a portion 
of the edge of it is exceedingly like a dog*s ear. 
The auricle is constantly full of blood, which flows 
to it through the veins in an equable stream ; so 
that whenever the emptied ventricle dilates, the 
blood from the auricle rushes in, and distends it 
for a renewed contraction. 

But the arteries are. not ta set of rigid tubes ; 
they are dilatable, and highly elastic. Hence, at 
the moment when the ventricle contracts, the 
blood which is forced into them distends them, 
increasing their diameter, and producing the feeling 
communicated to the fingers placed over them, 
whicii is called the pulse. The number of the 
pulse is therefore tiie number of contractions whicli 
the heart is making in a minute ; and at the 
moment when the ventricle dilates, the artery, 
having the distending force taken ofif, contracts on 
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its contents. It would now drive part of the blood 
back again into the ventricle, were it not for a 
valve placed in the artery at its origin, which 
shuts down the moment the pressure comes on it 
backward, so that the force of the elasticity of the 
artery is expended in propelling the blood forward, 
not in an equable stream, but in successive waves. 
Hence when an artery is cut, the blood does not 
flow from it evenly, as is seen when a vein at the 
bend of the arm is opened, but in jets. Again ; 
when the ventricle contracts to throw its blood 
into the aorta, it would throw back an equal 
portion into the auricle, were not a valve placed 
there also, which shuts the moment the ventricle 
contracts. The valves are named from their situa- 
tion, the first the aortic, and the second the 
auriculo- ventricular. 

If the blood could be constantly circulated in the 
same state, this simple apparatus would suffice. 
But in passing through the circulation, it acquires 
certain impurities, derived from the wearing out of 
the parts through which it passes, and it is requisite 
that these should be got rid of, before it is per- 
mitted to make another circuit. For this purpose 
it is brought into contact with the air in the lungs, 
80 as to be purified, and be changed from the dark 
purple colour which it acquires in its passage over 
the body, and be brought back again to its original 
scarlet. 

In man, and all warm-blooded animals, there 
are two distinct hearts : one for the lungs, and one 
for the system ; a pulmonary and a systematic 
heart ; one for the purple blood and one for the 
scarlet. They are united together so as to form one 
organ, that they may take up little room, and act 
simultaneously, the one contracting and dilating at 
the same time exactly as the other ; but still they 
are quite separate in their cavities, having no com- 
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munication between them, except the circuitons 
one round through the lungs. In man, the pul- 
monary heart is placed to the right, and rather in 
front, the systematic one to the left, and rather 
behind. 

In fig. 14, the double heart is represented as 
separated into its right and left portions. The 
right heart r, is seen with its two great veins, an 
upper and lower, entering the right auricle. Below 
the auricle is seen the yentricle, from the upper 
part of which the pulmonary artery, pa, arises, 
and divides into two branches, one for each lung. 
The blood having passed through the lungs, is col- 
lected by the pulmonary veins, pv, and poured 
into the left auricle, l, from which it reaches the 
left ventricle, and is by it sent over the system 
through the aorta. The aorta, a, is seen to rise 
first, and make an arch, from which three large 
branches go off, supplying the two sides of the 
head, and the two arms ; and then it goes down 
through the belly, giving branches to its contents, 
and dividing into two terminal branches for the 
lower extremities. We have here, then, two cir- 
culations going on at once, the lesser, or pulmonary, 
and the greater, or systemic. 

In the real body, the two hearts are joined, so as 
to form a simple organ. The right ventricle lies 
more in front, and a hollow line passing obliquely 
from tlie base towards the apex, separates it from 
the left. The left ventricle is longer and narrower 
than the right, and its point forms the apex of the 
heart. The right auricle is seen at the base of the 
heart when in its natural place, while only a small 
portion of the left, that part which is like a dog's 
ear, is visible. Rising from the centre of the base 
of the heart, is the aorta, or great artery of the 
system ; on the left side of this is the pulmonary 
ortery, or that for carrying the impure blood to 
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the lungs, and on tlie right siile ie the great vein of 
the head and upper estremities. Below, the great 
vein of the lower part of the hody is seen, paasing 
tip to eater the right auricle. The pulmonary veins 
aie two on each eide, bringing the hluod from the 
two lungs into the left auricle. 

In examining the interior of the heart, it is most 
coavenient to follow the course of the circulation. 
If the right auricle bo opened, it will present tlie 
two orifices of the great veins, and they will be 
found not to enter opposite to one another, but 
obliquely, in order that the tv70 currents of blood 
may not strike together directly, and so impede one 
another from entering. On the partition between 
it and tlie left auricle is fi hollow, marking the 
place where hcfure birth there waa a direct com- 
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munication between the two sides of the heart. — 
Each of the great veins is large enough to admit a 
man's thumb, and the auriculo- ventricular orifice, 
or hole leading from the auricle into the ventricle, 
will easily admit three fingers. The right ventricle 
is thin in its walls, because it has to force the blood 
only through the lungs ; in general it is about a 
quarter of an inch in thicknees. There are three 
valves ia the auricular opening, whose edges are 
fixed to a number of tendinous threads, preventing 
them from being pushed back into the auricle by 
the pressure of the blood upon them at the time of 
the ventricle's contraction. No drawing can give 
any idea of these valves, so a figure of them has 
not been inserted. The orifice of the pulmonary 
artery is guarded by three valves also, to prevent 
regurgitation into it while it is dilating, and being 
filled from the auricle. 

The left auricle has four openings leading into it, 
of the four pulmonary veins, two from each lung. 
The auriculo-ventricnlar orifice is smaller than 
that on the right side, admitting only two fingers. 
The left ventricle is three times thicker and stronger 
than the right, because it has the much harder 
duty of propelling the blood all over the body. 
The valve between it and the auricle has only two 
fiaps, similar to those on the right side ; and the 
orifice of the aorta has three, similar to those in 
the pulmonary artery, but stronger, on account of 
the greater force they have to resist. 

The outside of the heart is covered with a smooth, 
shining membrane, which enables it to $[lide in a 
bag in which it is placed, called the Pericardium. 
This bag is lined with the same membrane which 
covers the surface of the heart, so that both surfaces 
being moistened constantly by a watery exhalation^ 
the friction may be lessened almost to nothing. 
Occasionally^ the water becomes collected in con^ 
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^derable quantity, causing dropsy of the pericar* 
dium, and sometimes the inside of the bag becomes 
inflamed, and the two surfaces grow together, — ait 
unnatural state, which, if it do not produce death 
at the time, generally brings on disease of the heart 
at an after period, by reason of the impediment 
which it gives to its motions. The outside of the 
bi^g is placed under the upper surface of tbe 
diaphragm, or floor between the chest and the abdo- 
men — ^its back part is in contact with the spine — its 
front is touching the breast-bone and ribs, and its 
top is nearly at the root of the neck. The heart 
extends from the third to the seventh rib on the 
left side, and its point is felt beating at two inches 
below the first nipple, and an inch nearer the 
breast-bone. It is of importance to have these 
limits accurately marked out, because they enable 
us readily to detect any changes produced by disease. 

If the ear be applied to the chest over the heart, 
either immediately, or with the intervention of the 
wooden instrument called a stethoscope, certain 
sounds are heard, produced by the heart in its 
action. The French denote them by the word 
tic-tac, which represents them pretty accurately. 
The first sound is heard at the time when the 
ventricles contract and strike tlie ribs ; the second, 
of a sharper and more abrupt character, is heard 
when they dilate. The medical man requires to 
be well acquainted with the natural sounds of the 
heart, that he may be able to detect any changes 
produced by disease. When the valves become 
ossified, and the openings contracted, various 
curious sounds are beard, resembling the blowing 
of a pair of bellows, the rasping of a file, the 
purring of a cat, the cooing of a dove, each of 
which is now ascertained to indicate a particular 
form of disea^ie. 

Besides the diseases of the valves of the hearty 
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thero may be alterations taking place in tTf(9 
Tnuscular substance. Sometiraes the cavities of 
the heart become dilated, or much larger than tbey 
should be, and consequently weaker; and some- 
times the walls become much thicker and stronger, 
80 tbat the blood is circulated with unusual force. 
These conditions generally bring on dropsy, and 
the last often produces apoplexy; and they are 
usually accompanied by palpitations, which are just 
irregular beatings of the heart. Palpitation does 
not, however, always indicate disease affecting the 
structure of the heart, but is frequently nervou?, 
depending on weakness from loss of blood, or other 
causes, or on disorder of the stomach, or even 
on mental emotion. We often hear a broken heart 
spoken of; yet, though common enough in a figu- 
rative sense, it is in reality a very rare occurrence. 
The lamented Dr. James Douglas, of Glasgow, 
whose name we mentioned in Chapter II. of this 
part of our treatise, had, however, in his museum, 
a short time before his death, the heart of an elderly 
man, which afforded a real specimen of this acci* 
dent. The heart was much dilated, and one night 
the patient died suddenly. On examination, the 
left ventricle of the heart was found burst; the 
hole admitted a large quill, and the pericardium 
was found completely filled with the blood which 
had escaped. The heart is generally about the 
size of the fist of the owner ; at least, that is an 
approximation which enables us to judge of it, 6n 
opening a body, whether it be natural, enlarged, or 
the reverse. Having examined the central organ 
of the circulation, let us now turn to the conduits 
by which it pours out its contents, and those by 
which it is fed. 

The Aorta, or great artery of the system, has 
been described as arising from the left ventricle of 
the heart. It passes first upward, then forms 
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an arcl) across to 
t lie left, and passes 
down along the 
left . side of the 
spine, through the 
chest, behind the 
heart. Jost where 
it has been cntoff 
from the heart, 
three Tslves are 
placed, which are 
seen closed at a, 
figure 1J>. Their 
action in prevent- 
ing the blood from 
getting back into 
the yentricle at 
the moment when 
it is dilating, and 
the aorta coa- 
tracting by its 
elasticity, has 
been already ad- 
verted to. In this 
course, it first 
gireaofftwosmdl 
branches for the 
nourishmentof 
the heart and 
then generally 
gives off three 
greatbranches 



little finger, and 
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divided into the artery of the right arm, and 
the artery of the right-side of the head. The 
second branch is for the left side of the head, and 
the third goes to the left arm. The conoayity of 
the arch sends off two or three small branches for 
the nourishment of the lungs ; and the descending 
aorta gives off from its sides a series of smalt 
arteries to run below each rib, and nourish the 
muscles by which the ribs are ccmnected, and from 
its front, three or four of like size to nourish the 
gullet, which lies just beside them. On arriying 
in the belly, by passing throogh the diaphragm, 
the aorta gives branches to nourish that muscle ; 
and then a very large branch, which divides into 
three, to supply the liver, the stomach, and the 
spleen, called respectively the hepatic H, the 
gastric G, and the splenic arteries. Next, a 
large branch runs down through the belly sup- 
plying the intestines, the superior mesenteric bm, 
then a large one on each side to the two kidneys k, 
and lastly, a smaller one to the lower part of the 
great gut, the inferior mesenteric IM. Upon the 
fourth lumber vetebr», the aorta now divides into 
its two terminal branches, the iliacs i, for the two 
lower extremities, giving off at the same time an 
artery not larger than a crow quill, which runs 
down the middle of the rump-bone, and corresponds 
to the artery of the tail in beasts. 

The artery going to the arm, the subclavian, s, 
pa9ses up through the upper orifice of the chest, 
turns over the first rib, and runs down through 
the arm>pit. It gives off a large artery to the 
brain, which runs, protected in a curious way, 
through the vertebree of the neck ; and afterwards 
several branches to the inside of the chest, the root 
of the neck, and the top of the shoulder. In the 
Drm-pit it gives off branches to the back of the 
shoulder, and some long ones which run down the 
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ride of the chest, supplying, in the female, the 
breast. The artery of the arm then runs down in 
a hollow between the biceps muscle on the forepart 
of the arm, and the triceps behind^ We find all 
the arteries of the limbs running in this way, in 
hollows between muscles, where they are protected 
from pressure, and as much as possible out of the 
way of injury. In this course the artery gives 
branches which nourish the fleshy part of the arm. 
In the hollow in front of the elbow-joint, the artery 
divides into two branches, the radial and ulnar, 
running down the fore-arm on their respective sides. 
The ulnar, besides, gives off a considerable branch 
which runs down in the middle, for the supply of 
the deep muscles. It is the radial artery in which 
it is the practice to feel the pulse, not on account 
of anything peculiar in the artery, but because it 
is most conveniently got at. 

On reaching the hand, the ulna is seen passing 
in front of the wrist ; and, arching to the space 
between the thumb and fore-finger, gives off the 
convexity of this arch four digital (fingers) branches. 
One of these belongs to the inner side of the little 
finger, and each of the others goes to the division 
between the fingers, and sends branches along the 
opposite edges of each, the artery of the one edge 
communicating freely at the point with the artery 
of the other edge. The radial artery at the wrist 
gives off a small superficial branch, which supplies 
the ball of the thumb, and often communicates 
with the superficial arch. It then passes out of 
sight, winding round the root of the thumb, going 
between the thumb and fore-finger, supplying the 
thumb, the outer side of the fore-finger, the deep 
part of the palm, and communicating with the ter- 
mination of the palmar arch. These are the 
arteries which are apt to suffer from knives being 
stuck into the hand, and though not very large^ 
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they bleed very profusely. The radial and ulnar 
arteries, near the wrist, where they lie superficial, 
not unfreqnently sutfcr from such an accident as a 
servant's breaking a pane of glass while cleaning 
the window ; they cannot be stopped by bandages, 
and must be secured by a surgeon, with a ligature. 

The Carotid Artery, c, runs up the side of the neck 
more than a quarter of an inch in diameter, and 
just below the angle of the jaw divides into two 
nearly equal branches ; the one going into the 
inside of the head to supply the brain, and the 
other being distributed over the outside of the head 
and face. One branch runs down the forepart of 
the neck ; a second goes into the tongue ; a third 
runs up the face, and encircles half the mouth, 
meeting with similar branches from the opposite 
side, which complete the circle in the lips, where 
it may be felt beating on the inside, by catching 
the lip between the finger and the thumb. A 
fourth branch passes to the back of the neck, a 
fifth to the back of the head, and a sixth to the 
outer ear. The terminating branches are — one to 
the throat, one to the deep parts of the face, and 
one to the temples, where it is felt beating. The 
last is the only artery which it is permitted to 
open for the purpose of drawing blood ; because it 
can easily be stopped, by compressing it against 
the bone on which it lies. It is opened chiefly for 
affections of the head, as in apoplexy, or in fever. 

The Aorta, it has already been said, bifurcates 
into the arteries for the lower extremities, called 
the iliacs.'^ Each of these again divides into two 
branches ; one of which, 1 1, supplies the parts 
within the pelvis, and terminates upon the buttock, 
and the other b i, passes out over the brim of the 
pelvis in front, and runs down the thigh, under the 
name of the femoral artery. The femoral artery 

• From the Latin word " ilium/' for the haunch-bone. 
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gives branches to the great muscles about the hip* 
joint, and to those on the thigh itself, and then 
twines round the inside of the thigh to its back part, 
where it enters the ham. In the ham, which, it 
has already been stated, signifies anatomically the 
hollow behind the knee, it gives off five small 
branches to nourish the knee-joint, and then di- 
vides into the three arteries of the leg. One of 
these perforates between the bones of the leg to 
the front, where it runs down, supplying the 
muscles in this situation, and terminating on the 
back of the foot ; another runs on the outer side of 
the back of the leg, close to the fibula ; and the 
third, which is the principal one, runs down to 
behind the inner ancle, where it may be felt beat- 
ing ; turns into the sole, and is distributed to the 
parts there in a manner similar to the palmar arch 
in the hand, communicating between the first and 
second toes with the artery on the back of the foot. 
This artery is liable to be wounded where it lies 
behind the ankle, or with a scythe, or the blow of 
an adze slipping from a piece of wood ; and the 
author once saw it cut in a boy, by a sharp stone 
which another had thrown at him. When wounded, 
it requires to be exposed and tied like those at the 
wrist. 

The arteries consist of three coats or layers ; an 
internal one, which is very smooth and thin ; a 
middle one, which is highly elastic, and on which 
their action principally depends ; and an external 
one, which connects them with the neighbouring 
parts. The extreme arteries, or ultimate brandies, 
into which they divide, are said to terminate in 
four different ways. Many of them terminate in 
minute pores in the intimate substance of the dif- 
ferent parts, to allow the blood to exude, for the 
purpose of nutrition. Some of them terminate in 
bccrcting organs, furnishing blood to be converted 
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into saliva, bile, urine, and so on. Others terminate 
on cxhalant surfaces ; that is to say, on the surfaces 
which are constantly kept moist, such as the mem* 
branes of the lungs, and of the belly. Lastly, the 
remainder, and by far the greatest number, ter- 
minate in the commencement of the veins, sending 
back by them the blood which has not been ex- 
pended in these three ways. 

In describing the veins, we must proceed in the 
opposite direction from that which we have fol* 
lowed in describing the arteries ; commencing at 
the branches, and proceeding along the trunks to 
the heart. They are much more numerous, and of 
greater capacity than the arteries, so that the blood 
moves in tliem much more slowly. They do not 
pulsate like the arteries ; for the impulse of the 
heart is nearly lost upon them ; and hence, when 
opened, the blood does not flow from them, in jets, 
but in an equable stream. Tliey consist of two 
coats, an outer, which is very distensible, so 
that the vein can swell very much, and an internal 
one, which is smooth, and in many respects similar 
to the lining membrane of the arteries. There is 
one striking difference between them and the 
arteries, that they have valves placed at distances 
of an inch or two, which prevent the blood from 
flowing backward from the heart towards the 
extremities. Hence is the use of tying a fillet 
round the arm previous to bleeding ; the blood is 
constantly arriving from below, because the pres- 
sure is not great enough to obstruct the arteries ; 
but it cannot get up past the bandage ; the veins 
are therefore distended, and become prominent, so 
as easily to be seen and punctured ; and then, as 
the blood cannot get down the arm again for the 
valves, it is necessitated to get out at the orifice. 
The veins in the limbs lie in two sets, a deep-seated, 
mi a superficial. The deep-set lie alongside of the 
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arteries, there being generally two to each artery ; 
the superficial lie imniediately under the skin, and 
above the fascia or sheath of the limb, and these 
two sets have here and there branches communi- 
cating between them. Hence, when pressure is 
made by the muscles on the deep-sdt, the blood 
escapes into the superficial, and finds by that 
road a passage to the heart. The reasons why 
bleeding is done in the veins are two-fold — first, 
that they are more easy of access than the arteries, 
— and second^ that they heal readily, by the mere 
application of a bandage. 

On the back of the hand, the veins lie above 
the extensor tendons, escaping the pressure to 
which they would have been subjected in the palm 
They then take their course up the front of the 
fore-arm, and over the elbow, where one of the 
largest runs directly over the artery. In former 
daysi, when the lancet was used by the farrier and 
the midwife, the artery was not unfrec^uently 
wounded here, through the vein ; and serious 
consequences were the result. This accident is 
seldom seen now, when medical practitioners ai^ 
spread all over the country. Aoove the elbow 
most of the veins dip deep to accompany the 
artery, and in the arm- pit the vein is nearly the 
size of one's thumb. Passing up under the collar- 
bone, it meets the deep jugular vein at the root of 
the neck. These two there form a large vein, 
v\^hich meets a similar one of the opposite side, 
and these, again uniting, form the descending great 
vein, which pours the blood from the head and 
upper extremities, into the right auricle of the 
heart. 

On the head a number of veins collect from the 
scalp, and form a vein in front of the ear, — the 
temporal vein. Below the angle of the jaw, this 
receives the vein from the face, and often the one 
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from the tongue, and forms the external jugular 
vein, in which we are accustomed to bleed in cases 
of apoplexy. It passes down the side of the neck 
to the collar-bone, and joins the great Tein at the 
upper extremity. The blood which has been cir- 
eulating in the brain comes out of the cranium by 
two large holes, one on each side, and forme the 
tleep jugular veins. These receive the branches 
from the deep part of the face, and form a vein as 
thick as one's thumb, — the deep jugular, Yrhich 
lies close to the cartoid artery. 

The blood of the lower extremities is collected by 
veins placed on the back of the foot, that they may 
escape pressure: and from these one large vein 
passes up the inside of the leg, and another along 
its back, with a multitude of smaller branches 
which keep up a communication between them. 
Besides, there are, of course, two deep-seated veins 
to each of the three arteries of the leg, all of which 
unite in the ham to form the great vien of the 
limb, lying close upon the main artery. The vein 
on the back of the leg here joins this vein. The 
deep vein then continues up alongside of the 
femoral artery, till in the groin it passes over the 
share-bone, and enters the belly. The superficial 
vein on the inside of the leg joins it three or four 
inches before it enters. The two great veins of the 
two lower limbs now pass up to meet one another, 
beside where the aorta bifurcates, receive the blood 
from about the pelvis, and form the interior great 
vein. This vein, about an inch in diameter, now 
passes up through the belly on the riglit side of the 
spine, and receives the veins from the kidneys, and 
some other small ones. Just before passing through 
the diaphragm, where, in a large man, it will be 
nearly two inches in diameter, it receives four or 
^ye large veins from the liver. The blood from 
the stomach, spleen, and intestines, takes a curious 
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cnnrse. These veins meet and form a large vein 
Nvliich goes to the liver, where, instead of joining 
the great vein at once, it divides like an artery, 
ramifies through the liver, and then returns its 
blood by the four or five large veins mentioned a 
few lines back. 

In the " Botanic Garden," that curiously ima- 
gined and quaintly expressed poem, by Dr. Darwin, 
there is a very pretty description of the circulation, 
which we may, appropriately, here quote : — 

" So from the heart the sanguine stream distils. 
O'er Beauty's radiant skin in vermeil rills; 
Feeds each fine nerve, each slender hair pervades. 
The skin's bright snow with living purple shades. 
Each dimpling cheek with warmer blushes dyes. 
Laughs on the lips, and lightens in the eyes. 
Erewhile absorbed, the vagrant globules s#im 
From each fair feature, and proportioned limb. 
Joined in one trunk, with deeper tint return 
To the warm concave of the vital urn." 

The principal diseases incident to veins are their 
becoming varicose, or preternaturally enlarged, and 
their inflaming. The veins of the lower limbs, in 
persons who have much standing, become distended 
by the pressure of the long column of blood above 
them, so that the valves are forced ; and the press- 
ing column thus becomes longer — and, of course, 
always the longer the worse — because the pressure 
is so much the greater. The blood does not now 
get freely back from the legs ; the smaller veins 
become swelled and twisted, having the appearance 
of knots of blue cords immediately underneath the 
skin. Sometimes the feet become swollen and al- 
most dropsical ; sometimes the skin gives way, and 
bleeding ulcers form, which are exceedingly difficult 
to heal. To obviate these evils, the legs must be 
kept constantly bandaged, or elastic stockings 
worn, to compress the limbs, and so prevent their 
veins from being over-distended. The inflamma- 
II 2 
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tion of the veins occulrs after their being injared, 
either by accident in the limbs, or by the tearing 
they undergo, in the womb, in the process of child- 
bearing. The lining membrane of the veins, when 
inflamed, suppurates, and pours out purulent mat- 
ter, which is conveyed along with the blood through 
the rest of the system, producing the most disas- 
trous effects, from which scarcely any one recovers. 
The forces by which the blood circulates through 
the veins, are generally considered to be three. 
The propelling power of the heart probably stiil 
exerts some influence on the blood in the minute 
arteries, in order to drive it into the small veins ; 
the right side of the heart seems to exercise a suc- 
tion upon the great veins which terminate in it, or 
at least the action of inspiration does so ; and the 
compression of the muscles causes the blood to 
move towards the heat, as the valves prevent it 
from retreating towards the extremities. This is 
the reason why, in bleeding, something is generally 
given to the patient to turn in his hand, that the 
muscles of the fore-arm may be called into play, 
and at every motion, the stream is seen to spout 
with accelerated force. 

When an artery is wounded, it does not heal 
again, as a vein does ; but the skin over it may 
heal, and then the blood is forced into the cellular 
tissue, forming a bag full of blood, which pulsates 
with great force, and is called an aneurism. For 
the cure of this disease it is necessary to expose 
the artery, and tie it with a thread ; its sides then 
grow together, and the aneurism becomes oblite- 
rated, while the blood gradually finds it way 
through the small branches which communicate 
from the upper to the lower part of the limb, and 
become enlarged, so as to convey a supply adequate 
for its wants. This is one of the most successful 
applications of scientific surgery. Sometimes thu 
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coats of the artery dilate, and form an aneurism, 
without any previous wound. They are besides 
liable to inflammation and to ossification. 

The frequency of the pulsations of the heart 
varies mueh in different individuals, but geuerally 
according to a regular gradation at different ages, 
becoming slower from infancy up to old age. The 
pulse of an infant in the womb ranges from one 
hundred and forty to one hundred and eighty in 
the minute, as can be ascertained by listening with 
tlie stethoscope ; after birth it diminishes in fre* 
qiiency, but is still above one hundred ; in persons 
of adult age, from seventy to seventy- five is the 
usual average, aud in men sixty years of age the 
pulse usually beats seconds. The pulse in females is 
quicker than in males. It varies, besides, accord- 
ing to various modifying causes. Exercise quickens 
it, rest calms it ; even on sitting up, it will be found 
four or five beats quicker than while lying down. 
In some few it may be felt beating not more than 
forty in the minute. The whole quantity of blood 
in the body of a full grown man is calculated at 
tliirty-five pounds avoirdupois, so that if the 
heart beats seventy* six times in a minute, and 
expels two ounces from each ventricle at each beat, 
tlie whole blood will pass through the circulation 
in two minutes and a halt 

II. THE RESPIRATION. 

It has been already stated, that, when the blood 
has got into the veins, and arrived at the right side 
of the heart, it has lost its bright -red colour, and 
has become purple or almost black ; it has ceased 
to be arterial, and has become venous. The cause 
of this dark colour is the quantity of charcoal or 
carbon which it has received in its passage through 
the intimate structure of the different organs. It 
has also parted with the oxygen, or vital air, which 
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is lield in combiDation. N'ow this black blood ia 
calculated to produce death in two ways : firet, it 
it deprives the muscles of their power of contrac- 
tion, and consequentlv stops the heart, w)iicU is a 
iiiusde; arid secondly, it destroys entirely the 
action of the brain. 
The manner in wliich 
it prodnces death need 
not be detailed here. 

Respiration, then, ia 
a contrivance by which 
the blood is brought 
into contact with the 
air, BO as to permit 
these two fluids to ef- 
fect chemical changes 
upon one another; and 
here we have to ex- 
amine the structure of 
thelungsandthecheat. 
Each lung may ha 
compared to a bunch 
of grapes ', it consists 
(BeeFig.ie.)ofanin- 
finite Dumber of little cells, each not larger tiian a 
millet seed, fixed upon footstalks; each footstalk 
being a tube, a branch of the windpipe. When the 
air comes in through the windpipe, then all these 
air-cells become filled; and this is done by the 
heaving of the chest, which is called inspiration. 
When again the chest falls, the air-cells are partially 
emptied, but never completely, and the air which 
was in them is blown out by the windpipe : this ia 
called expiration. 

The windpipe is a tube consisting of eighteen or 
twenty cartilaginous rings, united by an elastic 
membrane ; it is connected to the back of the 
mouth, whero the air enters it ; it passes down the 
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front of the neck, enters the upper orifice of the 
chest behind the top of tlie breast-bone, and divides 
into two branches, one for the right lung, and one 
for the left. In the lung, the windpipe subdivides 
into a great number of branches, and these into 
little twigs, on which the air-cells are hung — it 
has already been said — like grapes upon their foot- 
stalks. These tubes and air-cells are lined with a 
delicate membrane, called mucous, on account of 
the mucus which moistens it ; and their coats be- 
come exceedingly thin, so that the air within 
them, and the blood without, can exercise a 
chemical influence on one another through them. 
The pulmonary artery, which brings the dark 
blood from the right side of the heart, divides into 
two branches, one for each long, and each branch 
subdivides into minute ramifications, which spread 
themselves over and between the air-cells. The 
pulmonary veins take their commencement from 
the arterial capillaries on the surface of the cells, 
and iinite with one another till two large ones are 
formed from each lung, which convey the red 
purified blood into the left auricle. 

The vesicles have been described as being fixed 
to the air-tubes, in the same manner as a bunch of 
grapes are fixed to the footstalk ; but here the 
similarity ends ; for the cells are so small, and so 
close together, that no interstices between them can 
be perceived. Indeed, on looking at the surface 
of a lung, it seems to consist of an infinity of 
shining points, which on being examined more 
elosely, are found to be the cells filled with air. 
After air has once got into the lungs, it never can 
be completely expelled ; hence the lungs of a per- 
son who has breathed will always float in water ; 
and on this fact is founded the test used in criminal 
examinations, to distinguish a still-born child from 
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In Figure 17, the front 
of tlie cheat is npre- 
sented as cut off, bo as 
show the lungs without 
it. Ilie windpipe ia 
seen descending and di- 
viding into its two 
branches, which are en> 
tering into the lungs ; 
but the branches of the 
arteries and veins are 
lid have made the figure too 
Each lung is of a conical form — its 
ml its apex above — its base rests on 
the upper surface of the diaphragm ; its apex 
reaches up into the root of the neck ; its back 
touches tlie spine ; and its front and outer parta 
are covered by the rihs. Toward the middle, the 
lungs are not in contact, being thus oeparated by 
the space in which the heart lies. Each lung is 
divided by fissures into lohes, of which the right 
lung has three, and the left only two ; the place 
of the middle lobe being occupied by the heart, 
which, it has already been stated, thongh in the 
middle, encroachtv upon the left side. The whole 
lung, except the part where the windpipe and 
blood-vesseia enter it, is covered by a thin smooth 
membrane called the pleura, which is represented 
itt tlie last fignre. It is a sliut sac, having one 
layer investing the lung, and the other lining the 
walls of the chest, the walls of which are in con ■ 
tact, an that it forms a close bag ; though in the 
drawing, for the sake of plainness, a space is repre- 
sentod between them. The pleura is moistened 
with a thin serous fluid, similar to that in the peri- 
cardium, which enables the lung and chest to glide 
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upon one aDother in the action of breathing. This 
membrane is very liable to become inflamed, causing 
acute pain, and constituting the disease called 
pleurisy. Sometimes a quantity of water is poured 
out into the cavity of the pleura, when the absorbent 
vessels do not take up what the arteries have 
poured out, and dropsy of the chest is the conse^ 
quence. Sometimes, after a chronic inflammation 
of the pleura, matter is formed, which presses on 
the lung, preventing it from performing its functions, 
and requiring it to be let out by an incision made 
in the chest, between the sixth and seventh ribs. 

When a child is bom, its lungs are empty, and 
the sides of the chest are as much compressed as 
they can well be. Whenever it has got into the air, 
the elasticity of the ribs causes its chest to enlarge 
— the outer surface of the lung being in contact 
with the chest, accompanies it, and so a tendency 
to the formation of a vacuum is caused. The air 
now rushes down the windpipe, into what would 
otherwise be empty space, and thus the first inspira- 
tion is made ; and when once made, it is repeated 
eighteen or twenty times per minute during the 
whole course of our existence. The vacuum produced 
at first by the elasticity of the ribs, can never be 
repeated, — the lungs never become emptied of the 
air that now fills them, but after a forced expiration, 
they are at their most empty state, and they can 
be filled again to the utmost by an exertion of 
muscular power. Over each side of the chest 
spreads a great muscle, which may be likened to a 
hand with outstretched fingers, laid on the chest, 
the fingers pointing downward and forward— only, 
instead of fingers, it has nine indigitations. Each 
of these indigitations, or fingers, is attached to one 
of the nine upper ribs, aud the back part of the 
muscles is fixed to the posterior edges of the 
Bhoulder-blade. From the direction in wliich tho 
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ribs are curved, first outward, then down and 
forward, any force acting on them from above and 
behind pulls them upward and outward, and so in- 
creases the capacity of the chest. The muscle 
which has just been spoken of does so constantly ; 
but there are others which do so occasionally, such 
as those which run from the chest to the bone of 
the arm. An asthmatic person may be seen, when 
the fit is on him, holding by the arms of his chair, 
to make them fixed points for these muscles to act 
from upon the chest ; and he holds up his head to 
make these muscles of the neck co-operate in in- 
spiration, which are attached to the collar-bone and 
to the upper rib. 

But the principal muscle of inspiration is one 
which has been spoken of already more than once, 
as separating the cavities of the chest, having its 
edges attached to the ribs and to the breastbone at 
the sides and in front, and to the spine behind. It 
is represented in Figure 18, on the margin by the 
arched line d, as in a state of rest. It is also seen 
in Figure 17, arching across. When it contracts 
it necessarily tends to become straighter, like the 
dotted line — it therefore increases the capacity of« 
the chest ; the lower parts of the lungs descend 
with it, while the upper parts rise with the ribs 
and breastbone b, which comes into the position 
indicated by its corresponding dotted line; and 
thus the chest is enlarged, both upward and out- 
ward, and downward, at once. As the dia- 
phragm descends, it pushes the contents of the 
belly before it, so that at the moment when the 
breath is drawn in, the belly becomes more pro- 
minent. At this time, the abdominal muscles a, 
closing the belly in front and at the sides are re- 
laxed. When the diaphragm and elevators of the 
ribs cease to act, the chest falls, the abdoniinn) 
muscles press the bowels up against the liollow of 
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Fig. 18. 




it runs as high as forty. 



the diaphragm, and push 
it into the chest; the 
capacity of the chest is 
thus lessened in every 
direction, and the air 
"which had been drawn in 
is again blown out or ex- 
pired. 

Inspiration and expira- 
tion, then, are two differ- 
ent actions which are con- 
tinually going on, from 
the moment of birth to 
that of dissolution. Tn 
different persons the fre- 
quency of respiration va- 
ries ; in some being as low 
as sixteen, and in some as 
high as twenty-four in 
the minute. Jn the infant 
It frequently varies with 



the degrees of rest or activity, and with the fre- 
quency of the circulation with which it is united, 
in an indissoluble sympathy. When a person is 
lying quiet in bed, it has already been stated that 
the pulse is four or five beats slower than when 
erect, and the respiration is slow in proportion. 
When again, by exercise, or even by mental emo- 
tion, the action of the heart is quickened, the 
breathing becomes more frequent, keeping in the 
ratio of one to four ; that is to say, that during 
one act of inspiration and expiration, the heart will 
contract four times. 

Three different degrees may be observed in 
respiration : — First — There is the gentle equable 
motion which goes on when we are at rest, or 
when asleep, when the diaphragm and the small 
muscles between the ribs are the agents which are 
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quietly drawing in the air. Secondly — We have 
an increase of action when the great serrated 
muscles are brought in aid of the intercostals to 
lift the ribs, as when excited by exercise. And 
thirdly. We have the forced acts of inspiration, 
when by a strong exertion of the will, w^e draw in 
the air to the utmost, as in asthma, or in prepa- 
ration for any strong muscular exertion. The first 
of these is involuntary, and goes on whether we 
are awake or asleep ; the second is also involuntary, 
and may be called a state of excited respiration. 
The third is the state of forced inspiration, when 
several muscles, which are not ordinarily muscles 
of inspiration, become so under the influence of 
the will. 

Breath and life are almost synonymous terms, 
from the fact that the cessation of the one arrests 
the other also; we can not, therefore, separately 
consider the phenomena of respiration, as this func- 
tion is indissoluhly associated with the changes of 
the blood, and indeed with every vital process. 
The grand object, however, for which breathing is 
instituted, seems to be, that oxygen, and with it 
heat, ligiit, and electricity should be directly intro- 
duced to the circulating blood. 

The contrivances for effecting the necessary in- 
terchange between the circulating fluid and tlie 
vital air are among the most wondrous and beau- 
tiful of the endless evidences of Divine wisdom and 
goodness. In some creatures, as insects, the air is 
circulated instead of the blood ; hut in man, the 
blood is caused to pass into a multitude of exceed- 
ingly delicate vessels, which are involved, but still 
with exquisite order, in sponge-like bodies, called 
the lungs. These are penetrated in all directions 
by fine tubes, terminating in minute cells, within 
which the air is admitted at every breath, so that 
(lia bk>od and the air are intimately mingled, and 
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yet without being actually mixed, since a mem- 
brane of extreme thinness continues between them 
through every mesh of the complicated and delicate 
network of living vessels. If an individual make 
twenty respirations in a minute, he will consume 
800 cubic inches of air in that time, 48,000 in an 
hour, and in a day of twenty-four hours the enor- 
mous quantity of 1,152,000 cubic inches. The 
importance of these calculations, so long neglected, 
is now fully admitted ; and in the present day, no 
architect makes plans for churches, hospitals, or 
barracks, without calculating the height, width, 
and cubic contents, with reference to the breathing 
of the numbers that are to occupy them. Too 
little attention is paid to this, however, in building 
our ordinary bed-rooms — nearly the whole space 
in the house is devoted to handsome public rooms, 
while those in which a third of our time is to be 
spent, are so small that the air in them is soon 
exhausted, and in the morning (as is obvious to 
any one entering them from the open air), they 
are positively unwholesome. (An account of the 
chemistry of respiration will be given at length in 
the following chapter.) 

The whole of the air-passages are lined with a 
delicate mucous membrane, which is kept con- 
stantly moist with a thin mucous secretion. After 
exposure to cold, this secretion becomes increased 
in quantity, accumulates in the air-tubes, and 
excites a desire to spit it up — accompanied by 
coughing, which is just a short, quick, somewhat 
convulsive expiration. A feeling of heat is generally 
experienced all through the lungs from the in- 
flammation of the membrane. This complaint 
generally soon goes off, by the use of warm drinks, 
and attention to clothing. As the inflammation 
subsides, the sccrcticn. becomes tliicker, and is pj)it 
up in firmer dark- coloured globules. When the 
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inflammation spreads to the substance of the lungs, 
the case is much more serious ; the patient has a 
dull uneasy feeling in the lung, but not a sharp 
pain, as in pleurisy; he spits up matter tinged 
with blood, and if the disease be not checked, such 
an impediment is put to the purification of the 
blood, that death necessarily ensues. This disease 
requires the most active treatment. 

The most dreadful complaint to which the lungs 
are subject, is that which is known by the name of 
pulmonary consumption. In this disease the upper 
parts of the lungs become filled with little round 
greyish bodies called tubercles, which soon render 
these parts impervious to air, and so produce cough, 
and difficulty of breathing. After having existed 
in this state for some time they soften, and are spit 
up through the branches of the windpipe, leaving 
excavations of greater or less extent. The patient, 
after a longer or shorter time, dies, exhausted, 
from irritation, or, sometimes, is cut off suddenly 
by one of the blood-vessels of the lung bursting 
into the cavity. Till within the last twenty years 
no way was known of ascertaining the existence of 
this sad malady, until it had gone such a length 
that its external signs could not be mistaken ; but 
now, like all the other affections of the lungs, it 
can be readily detected by a practised ear, with 
the aid of the stethoscope, an instrument which has 
been already described. By its aid we hear the 
air rushing into the air cells, and can detect the 
various unnatural sounds which are the conse- 
quences of various unhealthy states of the lung. 
Indeed, by merely laying the ear upon the naked 
chest the breathing can be plainly heard. But to 
return ; even when we have ascertained the exist- 
ence of consumption, we cannot apply the old 
adage, that the knowledge of a disease is half its 
euro; for this intractable complaint, when once 
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really commenced, never has been, and we may 
rest assured, never can be cured. 

The windpipe separates from the gullet behind 
the root of the tongue, and lies in front of it in its 
course down the neck. Besides its principal use 
of admitting air to the lungs, it has another, very 
important too, though a secondary one, the office 
of producing the voice. The vocal apparatus is 
placed near the top of the windpipe ; it is called 
the larynx* The larynx, besides, has two offices, 
— ^its principal one being to produce voice ; and 
another of no less utility, is to prevent food from 
getting into the windpipe in its passage from the 
back of the tongue to the gullet. 

The framework of the larynx consists of one 
bone and four cartilages. The bone is not pre- 
served in general as a part of the skeleton, for it 
is not united to any other bone, but is situated in 
the root of the tongue. It has a convex border 
turned forward, to which the muscles are inserted 
that draw i\\e tongue forward, and protrude it 
from the mouth. It has two horns that pass back- 
ward, and serve like tenter-hooks to keep the bag 
of the gullet open at the back of the tongue. The 
thyroid or protecting cartilage is below this, — it 
also is convex in front, and concave behind ; it has a 
notch in its upper border, and is felt on the front 
of the neck, and seen prominent in the male, 
whence its common name of '^ Adam's apple," as 
if the forbidden apple had stuck there. Below the 
thyroid cartilage is another called the cricoid. t 
These parts are marked A, th^ and c^ in the figure 
(16) of the lungs. That part of the windpipe 
which has been spoken of some pages back, as 

* From the Greek word signifying a musical pipe made of reed, 
and there is no English word which corresponds to it. 

f From the Greek word signifying a ring ; for it completely 
encircles the wind-pipe. 
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coDiposiii] of ciirtUagiooiia rings, iB attactied to tKe 
loner edfje of this. Placed abova tlie cricoitt, aud 
witliin tlie tliyroid, am two small cooical cartilages, 
to which the Toctd chords are attachei]. Tliese 
chorda are fixed in front to the hollow of iDdent«d 
angle of the thyroid cartilage, and are joined behind 
to the two coniaal ones, so that a slit is formed 
between them, which regulates the admiauon of 
uir. Eleven Email muscles move the several parta 
uf the skeleton of the larynx upon one another, 
drawing its several parta in di&ereat directions 
upon one another, and opening or closing the slit 
or chink ot the windpipe. This chink may be 
lengthened aud widened, or lengthened and 
narrowed, shortened and widened, or shortened 
and narrowed to imperceptible degrees ; thereby 
varying with infinite minuteness, the mugcial notes 
which are elicited by the air passing through 
Fig. 19. them. Figure 1 9 represents 

the larynx, with a sltL-e cut 
off its back part ; (A, ia the 
tliyroid ; e, the cricoid ; and 
below are tlirce of the rings. 
I The Tocal clmrds, «, are seen 
cut across at the narrowest 
i part. The vocal chords do 
J not vibrate after the manner 
strings, as some havo 
pposed wlio have taken 
great pains to prove that the 
laryns ia at once a wind and 
a stringed instrument ; it 
is purely a wind instrn- 
9 produced in a similar 
way to those of the reed in a clarionet or hautboy. 
In the clarionet the reed ia always the same, and 
the different notes are produced hy lengthening or 
ahortening the sounding-tube, by stopping or 




whose notes i 
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opening the holes with the fingers. Tn the 
larynx the reed is continually being changed by 
the variations in the vocal chords, while the length 
of the pipe is also varied by the elevation and 
depression of the larynx, through the means of the 
muscles which attach it to the chin above, and to 
the breast-bone beneath. This motion is easily 
felt if the finger be laid on the forepart of the neck 
while singing : in running up the scale the project- 
ing cartilage is felt rising a step for every note : 
and, towards the top, additional elevating power is 
gained by holding up the head, and pushing out 
the chin. 

The chink between the vocal chords is not, at the 
ntmost, more than three quarters of an inch in 
length, and varies in width from a quarter of an 
inch to absolute closure. Hence, it must be 
obvious, that a small substance getting in will 
block it up altogether, and that thickening of the 
cords from inflammation may narrow it so much 
as to produce death by suffocation. This is what 
takes place in fatal cases of croup ; layers of a firm, 
whitish substance, of the consistence of boiled 
white of egg, are formed in the interior of the 
windpipe, and prevent the free ingress of air,-^ 
and, if relief be not obtained from the most active 
medical treatment, death will speedily ensue. The 
narrowing of the chink gives rise to the convulsive 
cough, and the peculiar ringing sound of the 
respiration, which are characteristic of the disease. 

Where foreign bodies get into the windpipe, 
their presence there is a proof that they cannot 
produce death by suffocation ; because the chink 
is the narrowest part of the tube, and they have 
passed that. They are, however, driven up and 
down by the successive currents of air, and produce 
much irritation, and at length death from iufiam- 
mation of the lungs, if not extracted. The opera- 
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tion for removing thein is a very simple one ; an 
incision is made on the front of the neck down to 
the windpipe, which is then slit up for near an 
inch. No poking with instruments is required, 
for the moment the opening is made, the foreign 
body is blown out with great violence. A cherry 
or plum stone is the substance which, in most cases, 
has got into this awkward situation. 

In order to prevent food or drink from passing 
into the windpipe while being swallowed, a valve 
is placed over the orifice of the larynx. This valve 
is called the epiglottis. It is shaped like an obovate 
leaf, fixed by its footstalk to the inside of the angle 
of the thyroid of cartilage, while its broader part 
can be laid down over the orifice so as completely 
to close it. It stands erect in its natural position ; 
it has no muscle to pull it down, but it is pushed 
down mechanically by the ball of food which passes 
over it from the root the tongue to get into tlie 
gullet, and the moment this has passed it again 
rises by its elasticity. Indeed, food can never get 
into the windpipe but when this part is taken by 
surprise, either by speaking or laughing while 
swallowing, or by swallowing in a hurry, as a child 
does when in fear of detection in having stolen some 
sweet thing.* 

* The only complaints about the larynx, occurring in adults, are 
an affection somewhat resembling the croup of children, and an ulcera> 
tion in the inside, reaching even to the cartilages, which is occa- 
sionally found in persons perishing from consumption* 
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CHAPTER VII. 

OF DIGESTION. THE MOUTH, TEETH, AND 

STOMACH. 

I, THE MOUTH AND TEETH. 

In all Hying bodies there is a continual waste going 
on, which requires to be repaired by nourishing 
matter taken from without, and added to the sys- 
tem. Vegetables depend for their existence on 
extraneous matter, which is taken up by the roots, 
and distributed by means of the sap- vessels. But 
the grand characteristic of animals is their pos> 
sessing a stomach, a central cavity into which the 
nourishing matter is first put, to be thence taken 
up into tiie circulation, and so distributed all over 
the system. The stomach and bowels constitute 
the proper digestive apparatus, and several other 
organs which co-operate in various ways to aid it, 
are the assistant digestive apparatue. Besides, 
we have a set of organs for preparing the food for 
the stomach, tearing, bruising, and grinding it, and 
mixing it with fluid, that it may be easily swal- 
lowed and digested. It is most convenient, though, 
perhaps, not most philosophical, to trace these parts 
successively, from the mouth downward : we will 
therefore commence with thejaws, mouth, and teeth; 
examine the salivary glands, the palate, and the 
bag of the gullet ; inquire into the nature of the 
action of swallowing, and trace the food as far as 
the stomach. From the stomach we will follow 
it down into the small intestines; see how it is 
I 
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mingled with the bile and the pancreatic juice ; and 
learn how the nourishing parts of it are absorbed 
and cmried ioto the circulating masa ; and how 
that part which is nselesa ia pushed oD) until it be 
expelled from the body, 

The mouth is a cavity (eee Figure 20), having 
somewhat the shape of a hemiapliore, the flat tar- 
fitce being directed downward, and the convexity 
upward. Its roof is formed by bone ; it is shut 
in at the sides and front by tite muscular parts 

Fig. ID. 




Torming the cheeVa and lips ; below, it is enclosed 
by the lower jaw, and its floor is formed by the 
tongue. In the figure, the right half of the lower 
jaw has been removed, laying the bag of the pha- 
rynx open. From the bact part of the mouth 
hangs down the pharynx, a conical bag, which leads 
into the gullet, a, and the nose communicates with 
it from above, as shown by a piece of whale- 
bone, w. Hence is the reason that we can breathe 
equally by the nose or mouth ; and that sometimet 
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if we be taken by surprise, with a fit of coughing 
while swallowing, the contents of the throat run 
out through the nose. In order to prevent this 
from occurring constantly, there is a curtain, o, 
placed at the back of the mouth, which we see on 
looking into a glass; and which rises or falls 
according to the necessity for its being applied 
either above or below. A long red tassel hangs 
down from the centre of it, nearly touching the top 
of the tongue, endowed with great sensibility, and 
warns the curtain to rise whenever the food comes 
in contact with it. When food is about to be 
swallowed, it is rolled about in the mouth and 
mixed with saliva, till it forms a kind of ball ; and 
when this gets to the back of the mouth, between 
the arches of the palate, there is felt an irresistible 
tendency to swallow. The curtain now rises so as 
to prevent any of it passing up into the nose ; the 
tongue rises against the roof of the mouth, so as 
to keep it from getting forward again; and the 
only course left for it is to pass down into the gul- 
let, pushing down the valve T of the windpipe as it 
passes. It is a mistake, however, to suppose that 
food falls into the stomach, the fact being that a 
man can swallow nearly as well when standing on 
his head as on his feet. This will be understood 
if we suppose an imaginary division of the gullet 
into a number of rings. When one ring contracts, 
the food passes on into the next ; then the second 
contracts, and squeezes down into the third ; while 
the first being still contracted, prevents it from 
getting up ; and so the process goes on, regularly 
downward, until the ball arrives at the stomach. 
And in vomiting, an action precisely the reverse of 
this takes place, and the food is squeezed up from 
the stomach into the mouth, although so rapidly 
that its passage seems almost intantaneous. 

The tongue is fixed to the back of the chin, and 
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haa a muscle arising from this point, radiating 
through it, forward, upward, and backward; so 
that it can protrude the tongue, turn it upward, 
downward, or to the side, render its surface convex 
or hollow, to serve for a conduit, as in drinking. 
There are three pairs of muscles actually forming 
the substance of the tongue, and not less than six 
pairs more which can aid in its motion. The 
whole inner surface of the mouth is lined with a 
soft mucous membrane, so called because it pours 
out a mucus from its surface to lubricate it, to pro- 
tect it, and to assist the food to slide easily through 
it. The upper surface of the tongue is studded 
with many delicate papilla3 or points, in which the 
nerves of taste end, which vary in appearance in 
different animals. In the cow, for example, they 
are much rougher than in man ; in the lion they 
are so rough as to be capable of peeling one's skin 
off, should he attempt to lick it ; and in some of 
the marine animals which swallow living shell- fish, 
both the tongue and the gullet are covered with 
thickly set spines, directed backward, to prevent 
their prey from actually creeping up again. 

Six glands are placed about the mouth, tor tho 
purpose of supplying saliva to be mixed with the 
food. Two very large ones lie behind the ear, in 
the hollow between the lower jaw and the temporal 
bone, so that the motion of eating squeezes out 
their contents. Their ducts ran forward in the 
cheek, and perforate the mouth opposite the second 
last tooth in the upper jaw, where, with the tongue, 
a small soft projection may be recognised. Two 
others lie on each side under the tongue, having a 
common duct, which may be seen opening on tbo 
fuld of the membrane that bridles down the tongue. 
This fold, by the by, it may be mentioned liere, is 
what produces the appearance called tongue- tacked, 
when too short. The tongue cannot then bo put 
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out of the mouth, and the infant cannot suck until 
the fold be divided by a pair of scissors. This 
little operation, trifling though it be, should never 
be entrusted to any one but the attending surgeon; 
for there are a couple of arteries lying close to this 
bridle, which are apt to be divided by an ill-directed 
incision. The tonsil is seen in the last figure, just 
beyond the little tassel ; it is of the size and shape 
of an almond, secreting mucus to moisten the 
throat, from many little pits on its surface. It is 
this which inflames, when one is said to have a 
sore throat. Sometimes it enlarges so much as to 
interfere with breathing ; and then it requires to 
be removed. One or other of the ducts which open 
below the tongue is subject to be stopped up, and 
the saliva distends it into a soft swelling, which 
impedes the motions of the tongue in the actions of 
speech and mastication, and requires to be punc- 
tured. Sometimes the saline constituents of the 
saliva concrete into a stone, which requires to be 
cut out. But the most annoying thing connected 
with the salivary duct is, when one of those running 
in the cheek is divided, as by a sabre cut ; it is 
then scarcely to be got to heal, and^'the saliva is 
constantly running over the cheek. The quantity 
which is lost in this way, in such a case, in the 
course of a day, is suprisingly great. 

The teeth are the hardest parts of the whole 
body. In the adult they are thirty-two in num- 
ber, eight upon each side of each jaw. They are 
of four different kinds. In front there are, on each 
side, two incisors, or cutting-teeth, whose edges 
are like that of a chisel ; next there is one eye- 
tooth, which is pointed ; thirdly, there are two 
small grinders ; and lastly, there are three large 
grinders. The teeth in the two jaws do not ex- 
actly meet; the cutting-teeth of the upper jaw 
I 2 
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overlapping those of the under, while the grinders 
just face one another. We sometimes, however, 
see people whose under teeth project beyond their 
upper, giving a peculiar appearance of length to 
the lower part of the face. 

In Figure 21, a grin ding- tooth is 
Fig. tu shown, sawn through perpendicularly. 
We describe three portions of it — the 
crown, being that part which appears 
above the gum — the body, the thick 
part, and the fangs, or roots, pene- 
trating down into the socket. A cavity 
is seen in the body of the tooth, occu- 
pied by a pulpy substance, containing blood-vessels 
and nerves ; and a small canal is seen leading from 
the cavity into each fang, and opening by a minute 
hole, through which the blood vessels and nerves 
cuter. The bony part of the tooth which projects 
above the jaw, and is destined to meet its fellow, 
and to come in contact with the fluids in the 
mouth, is protected by the enamel, which is the 
hardest substance in the body. It is thought not 
to be an organised substance at all, as neither blood 
nor sensibility has been detected in it ; so that it 
scorns to bo merely a projection to prevent the 
remainder of the tooth from being worn, When 
broken off, it is never replaced, and the tooth, of 
iiorossity, passes into decay. 

Tlie structure of the bony part of the tooth is 
similar to that of bone elsewhere, only it is much 
harder. Hence, by the chemical construction of 
bone (Chap. V.) it will be understood how the 
teeth are pained when anything sour is taken into 
the mouth ; why the patient who is to use acid 
drops is always directed to suck them through a 
quill, that they may not come in contact with the 
teolh ; and how the teeth blacken, and aro actually 
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dissolved away, in persons subject to acidity of 
the stomach. When a hole has formed in a tooth, 
uo pain is felt, until the cavity be reached, and the 
nerve exposed, and then, as almost every one 
knows by experience, the pain is most excruciating. 
Sometimes it is relieved by some powerful stimulant 
dropped into the tooth, as the essential oil of cloves, 
— sometimes by the recently discovered substance 
called creosote, which has the property of deaden- 
ing the nerve, — and sometimes the tortured victim 
is glad to appease the tormentor by actually de- 
stroying the nerve by the introduction of a hot 
wire. If the cavity be not largo, it ought to be 
stopped, an operation which generally succeeds in 
preserving the tooth for a long time, by excluding 
the air and all other agents which could act upon 
it. This stopping ought to be done with gold leaf, 
and by a respectable dentist ; and no one should 
trust his teeth to the hands of advertising charla- 
tans, whose object (to secure constant employment 
to themselves) is not to preserve but to destroy. — 
If stopping the tooth be not successful in preventing 
the recurrence of tooth ache, the offending member 
must be removed ; and this last resource should 
never be deferred so long as to require the stump 
to be dug out of the jaw ; because then, what is a 
brief though painful operation, is converted into 
one which is tedious, and often insufferable. 

The teeth at first lie deep within the jaw-bones, 
and are covered at birth by the thick gum. Their 
rudiments at birth are very small. The crown or 
upper part of the tooth is formed first, then the 
body, then the enamel is deposited on the crown, 
and lastly, the fangs grow as the tooth becomes 
protruded. When the jaw of a new-born child is 
dissected, a pulp is found for each tooth, like a 
little stool, into which blood vessels are seen run- 
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Fig. ss. ^'^^Si OQ ^^3 ^<>P of which the hone is 
deposited; and after the tooth has 
attained its shape, the pulpy stool 
(Figure 22) shrinks away almost to 
"^""■~"~~^ nothing, except the small quantity 
of cellular tissue which conveys the vessels and 
nerves into the central cavity. The whole tooth 
is enclosed within a delicate memhrane, which 
hecoroes ruptured when the tooth hursts forth. 
The gum of an infant has a sharp line running 
along it, whicli serves it to catch anything that is put 
into its mouth ; and this line hecomes hroader and 
flattened and finally disappears, previous to the 
eruption of the teeth. Tlie order of eruption is 
generally the following: — First, the two central 
incisors of the lower jaw appear, then the cor- 
responding ones ahove; next, the lateral ones 
below, then the corresponding ones above. After 
this the order is not regularly backwards, for the 
foremost of the two grinders now appear below, 
then those above, then the eye-teeth below, then 
the corresponding ones above, and lastly, the second 
grinders come through about the end of the second 
or beginning of the third year. When they do not 
follow this order, dentition is generally attended 
with more than usual irritation. 

The period when the teeth appear varies very 
much. The lamented Dr. Douglas, ' of Glasgow, 
to whose labours our readers owe so much in this 
treatise, stated, that a lady of his acquaintance was 
born with teeth, and that he had seen a child bom 
with a couple. It is rather early for them to 
appear at the age of four months ; more commonly 
seven have passed before any signs of uneasiness 
are manifested, and sometimes even twelve or 
thirteen. A good deal of constitutional disturbance 
generally attends teething : the mouth is hot, the 
|j;um8 itchy, and the infant rubs them with any- 
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thing it can get into its hands. For this purpose 
nothing is so good as the common ivory ring ; all 
manner of corals and bolls should be discarded, as 
they are apt to injure the mouth, or even to be 
thrust into the eyes. The bowels are apt to become 
deranged, and require constant attention. But 
nothing does the infant so much good as scarifying 
its gums. It is quite a mistake to suppose that 
tliis trifling operation gives pain ; on the contrary, 
it is a source of instantaneous relief, and should be 
resorted to as often as the child manifests any signs 
of uneasiness. When this is neglected, teething is 
apt to bring on bowel -com plaints, convulsions, and 
even that most intractable of diseases, water in the 
head. 

From the hardness of the teeth, they are not 
capable of growing, so as to fill up tiie increased 
size of tlie jaws in after years. Hence yre see a 
growing child come to have spaces left between its 
teeth, as th^y ar^ removed from one another by 
the elongation of the jaw. About the end of the 
seventh, or beginning of the eightii year, a third 
grinder on each side of each jaw makes its appear- 
ance, which is the first permanent tootle, and never 
changes. When this one is rising above the gums, 
the central incisors of the under jaw are becoming 
loose. If a jaw-bone be dissected at this period, 
and its outer part be filed away, a very beautiful 
preparation is obtained. The first teeth are seen in 
their places, and the second set are seen deep in the 
jaw, below, and rather behind them, ready to rise 
up and supplant them. (Figure 23 represents 
the right half of the lower jaw, containing the five 
milk teeth, and filed away on the side, so as to 
display the bags, below, iu which the second set 
are contained.) It is, however, quite a mistake to 
suppose that the new teeth push out the old ones ; 
the fact is, tho new teeth can make but little pro- 
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gress until the old ones be removed. 




Preparatory 
to the re- 
moval of the 
old ones, 
their fangs 
become ab- 
sorbed, so 
that they 
are not a 
quarter of an inoh in length ; whereas, had they 
been examined some montlis sooner, they would 
have been found three times as long. 

Some time between the completion of the seventh 
and eighth years, the second dentition commences. 
The first permanent grinders appear, and the 
central incisors fall out, and are replaced by the 
new. In three months more the lateral incisors 
follow. In from six to twelve more, the grinders 
are succeeded by a new species of teeth, which do 
not exist in the milk set, called the small grinders. 
These changes take place about the tenth or eleventh 
year, and it is not for two or three years more that 
the second of the permanent grinders makes its 
appearance. A long interval now succeeds, and 
the jaw acquires its full proportion, and about the 
nineteenth or twentieth year the wisdom-tooth cuts 
the gum, but sometimes not till even a later period. 
Dr. Douglas stated that he met with two instances 
of persons getting their wi0dom- teeth at the age of 
tliirty, and in one of these they were quite decayed 
before they had actually become visible. The 
grinders often give a good deal of pain in coming 
through, on account of their broad surfaces meeting 
with much resistance, and much relief is obtained 
by having the gum freely scarified. 

11. — TUB STOMACH. 

The Stomach is a bag of a conioal (see Fig. 24) 
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8liape, the large end of which lies in the left side 

of the belly, immediately beneath the diaphragm, 

and the small end at the hollow, which is familiarly 

*'^- **• known as the pit of the 

stomach. It is bent, 
besides, on acconnt of 
its passing across the 
spine; the concave bor- 
der beinc; directed back - 
wards, and the convex 
borderforwards. When 
the stomach is nearly empty, the convex border 
hangs downwards, and when filled, it rises up- 
wards, producing sometimes a painful feeling of 
distension. This is most felt by persons who are 
troubled with flatulence after taking food. la 
such persons, if one finger be laid over the stomach, 
and struck with one of the other hand, it will 
sdund like a drum, in consequence of the quantity 
of air which is contained within it. There is 
always, however, a certain quantity of gas in the 
stomach and whole conrse of the intestinal canal. 
The gullet enters the greater or left end of the 
stomach, and the small intestine commences at its 
smaller or right end. These two orifices are upon 
the same level, so that the food does not run out oi 
the stomach, but can get out of it only by the 
contraction of its coats. These are muscular, as 
indeed are the coats of the whole intestinal canal, 
and are particularly strong at the smaller end, 
where they form a ring (see Fig. 25) which con- 
tracts ^^^ completely closes the communication 
between the stomach and intestines. The stomach 
is lined with a velvety mucous membrane, similar 
to, and continuous with, that which lines the 
mouth and gullet. This membrane is full of 
minute blood-vessels, from which the mucous fluid 
is poured, which serves at once to mingle with 
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tlie food, and assist its digestion, and to prevent 
tile coats of the stomach from injury. Accord' 
iiigly, wlien atiy irritating substance is swallowed, 
more mucus is immediately poured out, whieh 
unvuli)|)es it, and prevents, as far as possible, the 
evil consequences which might ensne. Besides 
tlie niucua, an otlier fluid is poured into the stomach 
by its coats, wliicli is called the gastric juice. 
Tliis is a clear, ropy fluid, of a saltish taste, pos- 
sessing tlio power of disgoIviDg all substances whicli 
are fit for food. It has no effect, however, on tho 
living stomach ; but we often find, on opening 
persons who have died suddenly, with a quantity 
of the gastric juice in the stomach, and no food, 
that the dead stomach itself has been dissolved, 
and that a large, irregular opening exists in its 
Iiack part. 

After a meal, the stomach becomes agitated by 
a constant succession of gradual contractions, which 
turn the food gently from the left side to the right 
and back again, churning it and mixing it wtll 
together, so that it acquires the appearance of bo 
iiiueh porridge, or gruel, the different aliments that 
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have been swallowed becoming so blended as to 
form a homogeneous mass of a greyish colour. It 
is turned backward and forward for three hours or 
more, until the delicate sense, which resides in the 
orifice leading into the intestines, is satisfied that 
it is fit to pass farther ; the constricted ring then 
opens to let it through, and it passes into the 
commencement of the bowels. But such is the 
delicacy of perception with which the outlet of the 
stomach is endowed, that it will not let undigested 
food pass, until it has been rolled about in the 
stomach for many hours, and presented to it and 
rejected many successive times. Indeed, it often 
refuses to allow such food to pass at all : and then 
there is no help for it but that it be ejected sum- 
marily by vomiting. 

We are solicited to take food by the uneasy sen* 
sation of hunger — a sense which appears placed as 
^a safeguard, lest the body should be permitted to 
wear out. In the artificial state of society in which 
we live, where regular hours are appointed for 
meals, so that one shall succeed before the interval 
after the preceding shall have been so long as to 
produce pain, no one almost knows what hunger 
really is, except by some self-inflicted abstinence 
on a fishing or shooting excursion. Yet though 
unaccustomed to be felt by us, there is an unpleasant 
sensation produced by want of food, amounting at 
first only to a feeling of emptiness, lassitude, and 
indescribable uneasiness, but gradually getting 
worse, until it ends in actual pain, as if the inward 
parts were all on fire.* There was a time when 
it was thought that the internal surfaces of the 
empty stomach rubbing against one another pro- 
duced hunger ; and hence arose the vulgar phrase 
of '' taking the wrinkles out of your stomach," by 
satisfying the appetite ; but this is too mechanical 

* This will give ui lome Idea of the sufferings of the n^lected poor* 
K 
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an explanation. If the sensation proceeded merely 
from snch rubbing of the coats of the stomach, food 
swallowed would be more likely to aggravate than 
to assuage the gnawing of hunger ; to excite the 
action of the stomach would be to excite the appe- 
tite : and an irritable stomach would be attended 
with an insatiable desire of food. But something 
more than mere emptiness is required to produce 
hunger. By some of the ancients, hunger was 
referred to the weight of the liver dragging down 
the empty stomach, forgetting that the liver ia as 
heavy, and will drag as much, when the stomach 
is full as when it is empty. By others, with more 
probability, it is supposed to proceed from the 
action of the gastric fluid on the nerves in the coats 
of the stomach. Hunger is, like thirst, a sense 
placed as a safeguard to call for what is necessary 
for the system, and depending on the general state 
of the body. Morbid craving may proceed from 
many causes; a tape-worm in the bowels has 
occasioned voracious appetite, and ardent spirits 
and high seasoning excite it even when the stomach 
is full ; but natural hunger has always a reference 
to the wants of the general system. 

Thirst is a sensation seated in the tongue, throat, 
gullet, and stomach. It depends on the state of 
the membrane which lines these parts, and of the 
fluids which naturally moisten it, and may arise 
either from a deficiency of that fluid, or from an 
acrid state of it. It would appear to be placed as 
a monitor calling for the dilution of the fluids by 
drink, when they have been exhausted by perspira- 
tion and the fatigue of the body, or when the con- 
tents of the stomach require to be made more fluid, 
the more easily to sufier the necessary changes of 
digestion. The feeling of thirst, when carried to 
an extreme, is said to be much harder to bear than 
that of hunger ; and the most dreadful picture is 
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given of it in some accounts of shipwrecks, particu- 
larly in that puhlished of the horrible calamities 
endured by the crew of the French frigate, the 
*' Medusa," on the coast of Africa. The changes 
which take place on the tongue, in consequence of 
the state of the stomach and intestines, depend on 
its intimate connection with these organs, and the 
nervous sympathy which is established between 
them. The state of the tongue, the loose or viscid 
state of the throat, the secretion of the saliva, the 
softness or huskiness of the voice, are all influenced 
by the state of the stomach. We attend more to 
the effect on the tongue than to any of the rest, 
because it is more accessible, and affords us a sort 
of index as to the state of the stomach. In health, 
it is clean, red, and moist; in indigestion, it is 
white ; in disorders of the bowels, it is more or 
less thickly furred ; after excess of wine, it is dry 
and chapped ; and in bad cases of fever, it becomes 
quite black. 

A great deal of nonsense has been written, and 
a great many absurd experiments have been per- 
formed, with the view of elucidating the nature of 
digestion on the one hand, and the digestibility of 
various kinds of aliment on the other. A very 
curious case, however, occurred in America, by 
which immediate access was had to the living 
stomach, and the experiments which were per- 
formed have been published by their author. Dr. 
Beaumont, of Plattsburg, in the State of New 
York. 

A young man, of g6od constitution, when eight- 
teen years of age, was accidentally wounded, in 
June, 1822, by a musket loaded with buck-shot, 
flred close beside him. The shot tore away a piece 
of his left side, about a hand-breadth in extent, 
making a hole in his stomach. For seventeen 
days every thing that was taken by the mouth 
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passed out at the hole ; but after that period, by 
means of properly adapted bandages, the food was 
enabled to be retained. The wound gradually 
diminished, until it became of the size and nearly 
of the appearance of the natural anus, the lining 
membrane of the stomach joining the skin au 
round ; and about a year and a half after the acci- 
dent, the membrane came to form a sort of valve, 
which prevented anything from running out, 
although it readily permitted the finger, or a tube, 
or a tea-spoon, to be introduced. By two years 
after the accident, he had completely recovered his 
health and strength ; and Dr. Beaumont conceived 
the idea of making use of the extraordinary oppor- 
tunity thus put into his hands, of examining into 
the nature of digestion. 

When the stomach was empty and at rest, the 
interior of its cavity could be examined to the 
depth of five or six inches, and food and drink 
could be seen entering it tlirough the ring at the 
entry of the gullet. The solvent power of the 
gastric juice was ascertained in the most conclusive 
manner. Almost every variety of aliment, whether 
animal or vegetable, when submitted to the action 
of the fluid taken ffom the stomach when fasting, 
and kept at the temperature of about 100 deg., 
was found to become in a few hours reduced to a 
paste, which resembled, very nearly, the contents 
of the stomach, after the same kinds of aliment 
had been eaten. The rapidity with which sub- 
stances were dissolved by the gastric fluid out of 
the body, was always in proportion to the purity 
of the fluid, and the tenderness and state of minute 
division of the substances submitted to its action. 
Milk, and the white of egg, were invariably found 
to become first curdled by the fluid, and then 
dissolved. 

The periods required for the solution of various 
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substances ia the gastric juice, out of tbe body, 
varied as follows : — Sago and tapioca, boiled, were 
completely dissolved in about three hours and a 
quarter; fresh bread, in about four hours and a 
half ; milk, in about the same time as bread ; calf s- 
foot jelly, in about four hours and three-quarters ; 
soft-boiled eggs in six hours and a half; hard- 
boiled, in two hours longer; oysters, raw and 
entire, seven hours and a half; stewed, eight hours 
and a half ; beef-steak, in eight hours ; boiled beef^ 
in nine hours and a half ; boiled mutton and raw 
pork, in eight hours and a half ; beef suet, boiled, 
in twelve hours ; mutton suet, boiled, in ten hours ; 
cream, in twenty- five hours and a half; olive oil, 
in sixty hours. In these experiments the gastric 
juice employed was about eight times the quantity 
of the substance to be dissolved. It will be seen 
from these experiments, that fat and oily food was 
among the articles which presented the greatest 
resistance to the solvent powers of tbe gastric 
fluid ; and Dr. Beaumont found this to be the case 
in the stomach as well as out of it. Some of his 
experiments indicate that the digestibility of this 
sort of food is facilitated by a sight admixture of 
bile with the gastric juice, and that very generally, 
when aliment, containing fat, is eaten, bile passes 
up into the cavity of the stomach. The following 
are the conclusions which Dr. Beaumont has 
deduced from his experiments on his patient : — 

*' The ordinary time required for the complete 
digestion of the food received into the stomach, in 
a healthy state of that organ, is generally three 
hours and a half. The facility of digestion is 
modified, however, by many circumstances, as the 
peculiar nature of individuals, their habits, the 
nature of the food, and the manner in which it is 
prepared : minuteness of division, and tenderness 
of fibre, would appear to be the two great essentials 
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for the speedy and easy digestion of the aliment* 
Albumen (white of eggs), if swallowed either raw, 
or very slightly coagulated, is, perhaps, as rapidly 
digested as any article of diet we possess. If 
perfectly hardened by heat, and swallowed in large 
solid pieces, it experiences a very protracted 
digestion. Fibrin (red muscular flesh) and jelly 
are affected in the same way ; if tender and finely 
divided, they are disposed of readily ; if in large 
solid masses, digestion is proportionably retarded. 
Bulk is, perhaps, nearly as necessary to the 
articles of diet as the nutrient principle. They 
should be so managed that the one of these 
qualities should be in proportion to the other. Too 
highly nutritive diet is probably as fatal to the 
prolongation of life and health, as that which con- 
tains an insufficient quantity of nourishment." 

Animal fat is invariably and very quickly ren- 
dered fluid by the heat of the stomach, and with 
any species of oily food, resists for a long time the 
action of the digestive organ and its fluids. It has 
already been noticed, that this sort of food gene- 
rally requires an admixture of bile (which is alka- 
line), to render it soluble. A commencing state of 
putrefaction, sufficient to render the muscular fibre 
slightly tender, was found to increase the digest- 
ibility of most kinds of flesh. Vegetable aliment, 
generally speaking, Dr. Beaumont found to be 
slower and more difficult of digestion than animal. 
Its solution in the stomach is greatly influenced, 
by division and tenderness of fibre. 

The thorough mastication of the food is essential 
to healthy digestion. '' If aliment,'* remarks Dr. 
Beaumont, ^^ in large masses, be introduced into 
the stomach, though the gastric juice may act upon 
its surface, digestion will proceed so slowly, that 
putrefactive changes will be likely to commence in 
Its substance before it will become completely dis- 
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solved. Besides, the stomach will not retain un- 
digested masses for a long time, without suffering 
great disturbance." Consequently, eating too fast 
impedes digestion, by introducing food into the 
stomach in a state unprepared for the actions of 
that organ and its fluids. Also, if food be swal- 
lowed too rapidly, more will in general be taken 
into the stomach before the sense of hunger is 
allayed, than can afterwards be digested with ease. 
Overloading the stomach with food is invariably 
found to interfere with the regular process of 
digestion ; a portion remaining for a long while 
undigested. This may soon become rancid, or 
sour, running into the acetous fermentation ; and if 
not rejected by vomiting, causes pain and irrita- 
tion of the stomach, and other distressing symp- 
toms ; or if it be permitted to pass into the intes- 
tines, its presence almost invariably gives rise to 
colic, flatulence, or even more dangerous affectious. 

Condiments, as spices, though they may at first 
excite the action of a debilitated stomach, yet, 
when used habitually, never fail to produce debility 
of that organ, and in this manner impede digestion. 
Salt and vinegar are exceptions, and are not ob- 
noxious to this charge when used in moderation. 
They both assist digestion — vinegar, by rendering 
muscular substances more tender — and both, by 
producing a fluid, having some analogy to the 
gastric juice. Spiritous, and probably all arti- 
ficial drinks, impede more or less the digestive 
procesa; some more so than otiiers, but none can 
claim exemption from the general charge. Even 
tea and coffee, the common beverages of all classes 
of people, have a tendency to debilitate the diges- 
tive organs.* 

After a full meal, rest should be taken for at 

* Raw vegetables are exceedingly difficult to digest. Here is a 
hiut for the eaters of salads. 
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least an hour. After that, moderate exercise 
rather aids digestion, but severe and fatiguing 
exertion always impedes its performance. An ex- 
periment was made by a medical man on a couple 
of dogs, of the same litter, and in equal health. 
After giving them a good dinner of flesh, one was 
taken out and hunted for four hours, while the other 
was permitted to lie down and sleep. Tbey were 
then both killed ; the hunted dog had the meat in 
his stomach quite undigested ; the idle one had it 
quite gone. The lesson is a most instructive one. 



CHAPTER VIII. 

THE INTESTINES.— SECRETION AND EXCRETION. 

I. — THE INTESTINES. 

The Intestines form a membraneous tube nearly six 
times the length of the body, about five-sixths of 
this length belonging to the small intestines, and 
about one -sixth to the large. The small intes- 
tines are the canals into which the chjnne is 
received from the stomach ; and when digestion is 
completed, the large serve chiefly as receptacles for 
the refuse which is to be expelled. In Figure 26, 
the small intestines is seen commencing from the 
smaller or right extremity of the stomach, and 
passing to the right side. It lies close below the 
fiver, and turning downward, receives ftom it the 
eall-duct, and from the pancreas, the duct bringing 
its secretion, so that these fluids may mingle with 
the food ; then going across the spine to the left, it 
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twists and fbrmB a great number of convolutiooB 
wliioh lie chiefly in tlie middle of the belly, round 




about the navel, and finaify terminate in the iuge 
'.ntestine, in the right fiank. In Figure 26, the 
US are not represented exactly as they are placed 
the belly, but are separated and Bpread out in 
order to render them distinct. Neither is the small 
intestine represented by more than half its proper 
length ; otherwise the num^pouB oonvolationa would 
have made the figure confused. The whole intes- 
tine is lined with a continuation of the velvety 
membrane which lines the stomaoh, and which is 
constantly moistened by a mncons secretion. The 
thickness of the gut is formed of mnsonlar fibres, 
arranged in two layers, as seen at the left end of 
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SRCRF.TION AHU EXCBBTION. 




'''«■"■ Figure 27, tbe outer 

layer being longitudi- 
I nil, and the inner Iftyer 
I ctrcnlor. When these 
fibres;: contract, their 
effect is to narrow tbe 
gut, aa in the middla 
of tbe figure, and at 
tbe Bame time to draw ttie portion next farther 
down, upward to the contracted part over the con- 
tained food, just as one draws a stocking over tbe 
foot that is pushed into it. The effect of the gra- 
dual and generally uniform construction of these 
fibres is to propel tbe food downward ; and if the 
belly of an animal newly killed be opened, the 
bowels are seen moving in the manner of a bunch 
of earth-worms creeping through among one an- 
othN, — whence the name of vermicular motion, 
which has been given to it. The gajl-ducta enter 
the small intestine about six inches after it leaves 
tbe stomach ; and the moment the bile mingles 
with the chyle, a chemical change takes place, 
and the separation of tbe nutritious parte from the 
refuse begins to go on. A creamy- looking white 
fluid appears on tbe surface of the food, next to 
the mucous membrane, and is sucked up by an 
infinity of small vessels called the absorbents, 
which will be dascribed by-and-by. In performing 
all this process, the obvious use of the great length 
of the alimentary canal is, that every part of the 
food may be turned about, and be successively 
presented to the mouths of those vessels, so as ^ 
have its nourishing particles fully removed. The 
food, therefore, becomes gradually thicker and drier 
ns it passes down, and is stained of a yellow colour 
from the admixture of bile; but it still remiuns 
perfectly sweet, and without any bad amcll, until 
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it gets into the large intestines, where it puts on 
the character of foeces, or useless matter. 

The large intestines, Figure 26, are seen to com- 
mence by a blind end, into the side of which the 
small intestine opens. A valve is here placed to 
prevent the regurgitation of the fsecal matter into 
the small bowels ; and this it always does, except 
the force exerted to overcome it be very consider- 
able. A figure of this very curious structure 
would have been shown here, but it is one of those 
parts of which no idea can be given by a drawing 
to a person unacquainted with them ; they require 
to be seen and handled before they can be appre- 
ciated, and there are many such in the body. (A 
similar remark, by-the-by, was made in describing 
the valves of the heart.) A curious appendage, 
about the size of a large earth-worm, is seen hang- 
ing from the blind end of the large gut, which ia 
man is merely rudimentary. In purely gramini- 
vorous animals, the intestines are much longer than 
in man, and have several of those contrivances for 
delaying the less nourishing food upon which they 
subsist, until all its useful particles can be absorbed. 
In carnivorous animals, again, the intestinal canal ia 
short, because their food is so highly nutritious^ that 
its digestion is very quickly completed. Man occupies 
an intermediate place between these, and his bowels, 
like his teeth, indicate distinctly the mixture of the 
food which he is intended to derive from both the 
animal and vegetable kingdom. From this blind 
pouch, then, the great gut ascends in the right 
flank, crosses over the belly below the stomach, 
descends in the left flank, forms a twist like the 
letter S, and then turns into the pelvis to open 
outwardly at the anus. 

It has already been stated that the nourishing 
part of the food, the chyle^ is absorbed from the 
intestines by an infinity of small vessels, having a 
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close afGoity to veine. Their etrnctare (see Fijj^re 
m.w. 28) U very 

like that of 
veins, bdng 
provided 
with rilrea, 
giving them 
a knotted ap- 
pearance, 
which jpro- 
vent the fluid 
they convey 
from taking 
a retro^ade 
course. They 
are not more 
than the thir- 
tieth of an inch in diameter, and are so transparent, 
that they are not visible when empty. If a dog 
be killed about two hoars after a full meal, these 
vessels are seen in ^eat nnmbers arisinz from the 
bowels, and filled with a white milky fluid, whence 
they receive the name of lactoals.* They unite at 
the right side of the spine into a trunk about the 
size of a goose-quill, which at length pours its con- 
tents, containing all the nourishment of the body 
(except the watery parts, which seem to be taken 
up by the veins,] into the great vein of the upper 
part of the body, at the junction of the neck with 
the shoulder. It will be understood &om this des- 
cription, that since the new fluid is poured into a 
vein, not into an artery, it must necessarily be 
exposed to the air in the lungs, along with the 
current of the venous blood ; this process probably 
completing its change into blood before it is cir- 
culated over the bot^. 

• Fiom the Lmltl void lat, algDiCyiHB mil 
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There is another set of vessels called lymphatics, 
which are very difficult to discover in dissection, 
because the fluid which they convey is not milky, 
but transparent lymph. These arise from every 
part of the body, and have for their office the re- 
moving of the worn-out parts, which are no longer 
serviceable, and which are to be replaced by new 
deposits from the blood. The lymph is poured into 
the duct which has been spoken ofin the preceding 
paragraph, and is mixed with the blood in the 
veins, so that afterwards it may be expelled from 
the body through the lungs, the liver, the kidneys, 
and the skin. The lymphatic and lacteal vessels 
are included under the common name of absorbents. 
They both pass through glands, roundish bodies 
(see Fig. 28) about the size of hazel nuts, in which 
the absorbents subdivide and reunite, apparently 
for the purpose of mixing thoroughly the lymph 
and the chyle together. 

The absorbent vessels and glands are very subject 
to disease in those individuals who are of a scrofu- 
lous temperament. The glands are very liable to 
enlarge, inflame, burst, and suppurate, particularly 
in the neck, arm-pits, and groins, and produce 
sores which are very tedious in healing. Some- 
times in scrofulous children, the larger branches 
from the intestines become obstructed before they 
arrive at the main duct, so that all the food they 
eat (and they generally have voracious appetites;, 
never does them any good, because it never gets 
into the circulation. Such children are generally 
small and puny, with sharp thin faces, and large 
tumid bellies. 

The whole of the contents of the belly are covered 
with a thin shining membrane, called the perito- 
neum, which also lines the boundary walls of that 
cavity. It is of the same nature as the membrane 
which lines the chest and covers the lungs, and as 
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that which surrounds the heart. Its smooth 
polished surface is evidently intended to permit the 
constant gentle motions of the bowels to go on 
easily, without our being at all sensible of them. 
This surface is kept moist by a thin liquid, the 
evaporation of which is the reason why the body 
of an animal newly killed is seen to smoke when 
opened and exposed to the air. When this fluid is 
poured out in too great a quantity, the bag of the 
peritoneum becomes distended with it, and consti- 
tutes the disease called dropsy. When medicines 
have no eflect in reducing this, it becomes necessary 
to tap the patient ; that is to say, to insert a small 
tube with a sharp point into the cavity of the belly, 
so as to permit the water to run out. This mem- 
brane is exceedingly liable to become inflamed, and 
when inflammation does come on, it runs a very 
rapid course, and generally proves speedily fatal. 
It is from this inflammation that many of those 
females sink who perish after child-bearing. 

We will now briefly notice the diseases of the 
alimentary canal, &c. The stomach is rarely the 
seat of inflammation. It is so accustomed to have 
all things indiscriminately, and often recklessly, 
poured into it, that it would not be fit for its place 
in the body, if it were too easily put wrong. 
Many poisons, however, such as vitriol, arsenic, 
and corrosive sublimate, produce death by exciting 
in it violent inflammation. The stomach is never- 
theless subject to a very low degree of inflammation, 
or rather irritation, which gives great uneasiness 
to its possessor. There are many, particularly 
among the female population, who can scarcely 
swallow any food, without its being succeeded by 
a feeling of detention and a sense of uneasiness, 
not amounting to actual pain, but as distressing as 
if it were, — producing headache, giddiness, coldness 
of the feet and of the surface generally, acidity. 



SECRETION AND BXCHETION. 171 

'With eruotations of gas, and sometimes the hring- 
ing up of a mouthful of fluid. These annoyances 
last tUl the three or four hours are passed, during 
which the food remains in the stomach. Ailments 
of this kind are exceedingly difficult to remove, 
for a plain reason, because the stomach cannot be 
allowed to rest; it must always go on with its 
work, to a certain extent, and the only ease it can 
get is, that the aliments introduced shall be as diges- 
tible as possible. It'is not easy to lay down any 
rule for this, although the account given in the 
preceding chapter of the digestibility of diiferent 
substances will furnish some data ; but the sto~ 
machs of those troubled with indigestion are most 
capricious, and we sometimes see them reject any- 
thing simple, and evince what we would consider 
the most extraordinary predilections. Mild lax- 
atives, tonics, bitters, &c., all may take their turns as 
assistant remedies ; but nothing can be persevered 
in long; and a constant reference to the medical 
attendant is necessary. 

Sometimes, after long disorder of the stomach, 
perforation takes place, and its contents escape into 
the cavity of the belly, producing violent inflam- 
mation and a hurried death. Cancer is a disease 
which attacks the stomach after the middle period 
of life is passed ; it consists of a thickening of its 
coats forming a growth which sometimes can be 
felt even from the outside, and generally ulcerated 
upon its internal surface. It produces the most 
distressing symptoms, burning heat, constant crav- 
ing for food and drink, with inability to retain 
them, and at length the patient dies, worn down to 
a shadow. 

Inflammation of the bowels takes place after 
exposure to cold, or the swallowing improper food. 
Pain marks its approach, and generally obstinate 
costiveness; and unless active treatment be had 
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recourse to, the result is speedily fatal. A quick- 
ened action of the bowels, hurrying through them 
whatever has been taken into the stomach, together 
with an increased quantity of the mucus which 
naturally moistens this lining membrane, consti- 
tutes a diarrhoea or loosness. This may be caused 
by any substance which disagrees with the stomach, 
especially by new vegetables when they first come 
into the market ; orhja, more remote cause, appli- 
cation of cold to the body when heated, which 
drives the blood in upon the internal organs. 
Sometimes the flow of bile is much increased at 
the same time ; and one is said to have a bilious 
diarrhoea. Then again, the lining membrane may 
become inflamed and ulcerated, while the purging 
of bile continues, mingled with blood, and attended 
with severe griping pains ; and the patient is saSd 
to have dysentery. This is a complaint of southern 
climates, but we have it also, especially in the 
heats of autumn. If, again, vomiting of bile be 
joined to this purging, the complaint is called cho- 
lera. A dreadful form of this, the epidemic cholera, 
passed over a great part of the globe a few years 
ago, committing fearful devastation in its path. It 
was in this country in 1832, and the sad sufleringt 
and deaths of their relatives and neighbours must 
be fresh in the memories of most of our readers. 

A very painful aflection of the bowels, but with- 
out danger, is colic ; consisting of a distension of the 
great gut with an unusual quantity of gas, which 
is prevented from escaping by a spasmodic contrac- 
tion of some part between it and the natural outlet. 
Hot drink generally gives speedy relief. A curious 
form of colic is common among painters, the lead 
colic, depending on the absorption of white lead 
into their systems, and is accompanied by a loss of 
power in the muscles of the fingers and wrist. 

It is strange that other animals sometimes take 
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up their abode within ns, especially in the bowels. 
Besides some rarer forms there are species of intes- 
tinal wprms with which we are familiar. Hundreds 
of very small white ones take up their abode in 
children, infesting the lowest part of the gut, just 
within the anus, and giving great annoyance from 
the irritation which they cause, besides occasioning 
a falling away in health and strength. Worms, 
from five to eight inches long, are found in the 
small intestines in some indiyiduals, and even make 
their way up into the stomach, so as to be thrown 
up by the mouth. A rare kind is the tape-worm, 
about half an inch broad, and from ten to twenty 
feet Ions ; it is generally solitary ; indeed one such 
companion will be quite sufficient. The presence 
of intestinal worms is always accompanied by loss 
of health ; strong medicines are required to drive 
them out, and careful attention to the state of the 
bowels afterwards, to discourage a second invasion. 
It were a neglect did we not notice the sluggish- 
ness of the bowels, so apt to be induced in an 
artificial state of society, such as exists in towns. 
A movement of the bowels should take place every 
day ; but for want of time or want of convenience, 
this is neglected ; the daily call is not attended to, 
and by-and-bye it ceases to be made. A necessity 
is now felt for medicioe, and this is repeated day 
after day, and week after week, until the health is 
seriously and permanently injured. There are 
plenty of remedies advertised by the knaves of the 
day, who murder their thousands and tens of 
thousands annually with their villanous trash. 
Any, therefore, who have the misfortune to be 
afflicted in this way should be careful to apply to 
a respectable physician, and if pills are prescribed, 
care should be taken not to persevere too long in 
the use of the same ones, as the bowels become 
habituated to the same stimulus, and require some* 
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thing different. Exercise in the open air, however, 
with the use of the syringe, is worth all the pills 
in the world. The use of the sirringe has 
a most excellent effect. All that is necessary in its 
application is to dissolve a small piece of common 
brown soap in some lukewarm water, forming it 
into a suds, which may be then injected by the 
individual without the least trouble or inconvenience. 
It secures the stomach and small intestines from the 
irritation of constantly repeated doses of naedicine. 
The instrument, with directions for use, may be 
had at a very moderate rate from all the surgical 
instrument makers. 

A not uncommon complaint connected with the 
belly, is rupture. This consists in a portion of the 
bowels being forced out from its natural position, 
through some weak point in the walls of the belly, 
forming a swelling,, covered by the skin. This 
swelling requires to be pressed up into the belly, 
and means must be used to keep it from coming 
down again. The apparatus used is generally a 
truss, consisting of a steel spring covered with 
leather, which goes round the waist, having a pad 
on one end, for making a pressure on the weak 
part. Sometimes the rupture becomes strangulated ; 
that is to say, it swells so that it cannot be re- 
placed, and then it would mortify ; so that death 
would be the inevitable consequence, were not an 
operation had recourse to, by which the stricture 
or edge of the opening is divided, so that the pro- 
truded parts are returned. This is one of the 
most delicate operations in surgery, and fortunately, 
when it is had recourse to in time, it is one of the 
most successful. The surgeon simply introduces a 
narrow blunt-pointed knife to divide the stricture, 
which he effects, after having brought the bowel 
into view, by a careful incision through the 
upper adjacent parts. 
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In speaking of the morbid state of the stomach 
and bowels, we should not omit to mention the 
curious, but simple means, by which poisons are 
now easily withdrawn from the stomach. A gum- 
elastic tube, about the thickness of one's little 
finger, is passed down the throat into the stomaeh, 
and a brass pump which holds about half-a-pint, 
is attached to the end of it. Two or three pints of 
warm water are now thrown into the stomach, to 
dilute the matters there, and the whole contents 
are then easily withdrawn. The syringe can act 
either as a sucking or forcing pump, so that with 
fresh supplies of water, the stomach, may be 
throughly washed out. 

11. — SECRETION AND EXCRETION. 

The process by which new compounds are 
formed from the blood, is called secretion. Some 
of these products are of use in the system, as the 
bile and the saliva ; others are excrementitious, or 
intended to be discharged from it, as the sweat 
and the urine, and are hurtful if retained. These 
latter are technically distinguished as excretions. 
The two classes are not, however, strictly separable, 
as some substances require to be separated as ex- 
cretions, and yet are made useful in their passage 
through the body. Thus, the bile contains a great 
deal of charcoal, which requires to be separated 
from the blood, yet it is not merely poured into 
the intestines to be discharged; but, in mixing 
with the food, it produces a chemical change, as 
noticed in the last chapter, and causes a separation 
of the milky chyle, which is then presented to the 
mouths of the absorbents. The secretions which 
serve for moistening membranes, are the mucus, 
for the mucous membrane of the lungs and digestive 
organs ; the serum, for the serous membranes of 
the chest, belly, and head ; the synovial fluid for 
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the joints ; the tears for keeping the eye wet ; and 
the sebaceous matter, as it is called, a ^axy yel- 
lowish substance which is seen at the edges of the 
eyelids, and gives. the whole surface of the body 
an oily appearance, when not removed by frequent 
washing. Those which assist in digestion are the 
saliva, the gastric fluid, the pancreatic juice, and 
the bile. There is one which is formed only at 
particular times — the milk furnished by the 
mother for the nourishment of her offspring. 
Those which are purely excrementitious are the 
urine and the sweat. Let us now examine each 
of them in succession, along with the apparatus in 
which it is formed. 

Many of these fluids are prepared, without the 
aid of any peculiar structure which we can detect; 
all that we can ascertain, being, that the arteries 
run in great profusion upon a membrane, and di- 
vide to great minuteness ; and that in proportion 
as blood arrives at the membrane, the new fluid is 
produced. Others are formed in a peculiar ap- 
paratus called a gland, where the arteries appear 
to undergo a change in their own nature, and to 
have the power of changing the nature of their 
contents. In speaking of the blood, it was already 
remarked, that at the present day it is generally 
believed that the materials of all the secretions 
exist in it, and that the glands merely separate 
them from the mass of the circulating fluid. The 
process of secretion undoubtedly goes on under the 
influence of the nerves : we find nerves distributed 
to all the secreting organs ; and when these nerves 
are destroyed or injured, secretion ceases to go for* 
ward. As it depends on the presence of blood 
and of nervous energy, it is plainly a vital process. 
The mucous and serous membranes, with their se- 
cretions, have been already spoken of in Chapter 
YI., when treating of the lungs, &c., and the 
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digestive apparatus, Chapter VII. It is only ne« 
cessarj here to state their chemical composition. 



MUCUS. 

Water . . 9337 

Mucus . .53*3 

Chlorides of potassium 

and sodium . 5*6 

Lactate of soda, with 

animal matter . 3* 

Soda . . 0-9 

Albumen and animal 
matter, soluble in 
water, with phos- 
phate of soda . 3*5 



1000' 



SEBUM. 

CSilorides of sodium 

and potassium . 6*60 
Carbonate of soda . 1*65 
Sulphate of potash . 0*35 
Phosphate of lime, with 

traces of magnesia . 0*60 
Muscous eztractiye 

matter . . 4 

Albumen . 86*8 

Water . . 900* 



1000' 



The next secretion, mentioned two paragraphs 
back, was that of the synovia. This fluid, which 
serves for oil to the joints, and which feels very 
like oil between the fingers, nevertheless contains 
no oil, but is of a mucilaginous nature.* The 
synovial membrane is formed like a serous one, 
being a shut bag, whose surfaces are everywhere 
in contact ; yet the surface of the membrane itself 
is like the mucous one lining the mouth and throat, 
being soft and velvety. It seems linked by a closer 
sympathy to the serous than to the mucous mem- 
branes, for we find the serous membranes to sym- 
pathize with inflamed synovial membranes ; that 
is to say, when a joint is sorely inflamed, it is not 
uncommon for the serous membrane lining the 
belly or chest, or covering the heart, to become in- 
flamed too, without any other cause that we can 
discover, than what we call the sympathy depend- 
ing on the similarity of structure. 

All the other secretions are formed from the 

* It is said to contain albumen, fatty matter, an animal substance 
soluble in water, soda, chloride and potassium, phosphate and car* 
bonateoflime. 
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blood by means of pccaliar glands 'which aro set 
apart for the purpose. These differ from one 
another in form and structure ; and yet we can 
see nothing in any one of them which can explain 
to us why its peculiar secretion is formed in it, and 
not in every other. It has been already said, that 
the process seems to be under the regulation of the 
nervous influence. 

Every gland consists of a congeries of small 
particles, from the size of a pin- head down to that 
of a grain of sand, each of which may justly be 
regarded as a perfect gland, complete in itself. For 
each of these particles (represented in Fig. 29,) 
Fig. 29. ^^^^ ha.Ye an artery, o, carrying blood 
to it, both for its nourishment, and 
for the material of secretion ; a nerve 
n, directing the process ; a duct, d^ 
conveying away the product; a vein, 
Vy receiving the superfluous blood ; 
^ ^ ^ and a lymphatic, /, as every other 

part of the body has, for removing 
that part of the structure which is hourly becoming 
incapable of performing its functions aright. The 
liver is the gland on which we have been able to 
make the most accurate observations, as being the 
largest, and the most distinct in its structure, but 
there can be no doubt that the others are arranged 
much on the same principle. The blood from 
which the secretion is to be made is distributed to 
the outside of the granule which we examine ; the 
vein passes off from the centre of the granule ; and 
it is while the blood is passing from the outside to 
the centre, that, under the influence of the nerves, 
the separation of the new product is accomplished. 
The tears are poured out by the lachrymal gland, 
situated in the upper and outer part of the orbit, 
or cavity for the eye (see figure 30), where it is 
protected from external violence, being completely 
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witbin the bony rim, which is indicated in the 
iigure hy a dotted line. It is about the size of a 

Fig. 30. 




tamarind stone, and convex on its upper surface, so 
as to suit the concavity of the roof of the orbit. — 
It consists of a multitude of yellow granules, bound 
together by cellular tissue, and to it are distributed 
the blood of a small artery, and the branches of a 
small nerve. From this gland run from five to 
seven small liucts (not represented in the figure), 
which convey the tears from it, perforate the mu- 
cous membrane at the outer part of the orbit, and 
so let the tears wash the whole surface of the eye 
and eyelids, before they escape into the nose at the 
inner angle. The secretion of tears is constantly 
going on, but in small quantity, merely for the 
purpose of keeping the eye moist. When any 
irritating substance alights upon the eye, or gets 
inside the eyelids, — as a particle of dust or an 
insect — an increased flow of tears is immediately 
excited, in order to wash it away. This sudden 
flow, it need scarcely be remarked, is also brought 
on by mental emotion. A little red projection is 
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seen betw^een the eyelids at their inner angles, 
being a rudiment of the haw or third eyelid, which 
we see in all birds, and in some beasts, as the horse 
and cow. Its use in man is to prevent the tears 
from running out upon the cheek. At the project^ 
ing angle which each eyelid forms, just before its 
inner termination, if it be averted a little, a small 
hole will be seen, for the absorption of the tears.—- 
Along the two canals seen in the figure leading 
from these holes, the tears pass into a duct rather 
larger than a crow-quill, which lies underneath the 
little knot which is felt on the side of the root of 
the nose at the inner junction of the eyelids. This 
duct terminates in the nose, and conveys the tears 
there, after they have done all that is expected of 
them above. This is the reason why you blow 
your nose strongly, and close your eye, when any 
particle of dust has lodged in it, with the view of 
getting it drawn towards the inner angle ^where it 
lodges, and whence it can be wiped out), by the 
tears which are passing into the nose through the 
lachrymal canals. On a dusty day, an , accumula- 
tion of particles is seen in the reeess beside the 
red projection, ready to be wiped away.* It is an 
extremely rare thing for any disease^ attack the 
lachrymal gland ; we have, however, seen a case 
where it became enlarged and hard, and could be 
distinctly felt from the outside. On the other 
hand, the excreting lachrymal organs are very apt 
to go wrong. The duct often inflames, so that the 
tears cannot get down it, and run over the cheek, 
producing troublesome excoriations. Sometimes it 
suppurates and bursts ; and then it requires a bit 
of silver wire to be introduced, and to be worn in it 

* The substances found in tears, by Fourcroy and Vaquelln, are 
water, mucus, common salt, soda, phosphate of lime, phosphate of 
soda. 



SECRETION AND EXCRETION. 181 

for some time, to keep open the passage into the 
nose, which has a tendency to become obliterated. 

The whole skin is thickly covered with the ori- 
fices of minute bags, which excrete an oily matter, 
to keep it soft and pliant. These are more nume - 
rons in some parts than others, as in the arm- pits, 
and produce a disagreeable, heavy effluvium, if 
care be not taken to keep the skin perfectly clean. 
On the face, the orifices of these ducts are apt to 
become obstructed, and present little black points, 
slightly projecting above the level of the skin. — 
When these are squeezed, the retained waxy matter 
is evacuated, assuming the shape of a little worm, 
from being forced through the narrow aperture. 
Frequently the irritation becomes greater, and a 
pus forms, causing a pimple. Nothing is so effica-^ 
cious in keeping them back (notwithstanding all 
that the venders of lotions say to the contrary,) as 
strict cleanliness, and attention to the blood, which 
is a subject every good housewife thoroughly un- 
derstands. In persons of intemperate habits, how- 
ever, these spots increase and multiply to a very 
disagreeable extent. 

In the Eyelids, those little glands are collected 
into two sets,.and on looking at their edges, twenty 
or thirty small holes will be seen in each, whence 
a yellow matter exudes. (In figure 80, these are 
seen forming the row of distinct holes, the row of 
still smaller ones, closely ranged together, being the 
apertures in which the eyelashes were set.) After 
cold, this matter is apt to become increased in 
quantity, so as to glue the eyelids together in the 
morning, and to remain sticking in little yellow 
bits, while the edges of the lids become inflamed. 
In such cases, the first thing to be attended to is, 
that the eyelids must not be forcibly separated, or 
else some of the adhering eyelashes will be pulled 
out ; but the matter must first be softened with a 
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rag and warm water. At night, a little eye-salre 
must be regularly put between the lide ; and in 
those who are subject to this annoyance (although 
they be not ill with it), the ointment should be 
used at least once a week, as a preventive measure. 
lu scrofulous children who are ill taken care of, we 
often see this complaint go a shocking length, de- 
stroying all the eyelashes, causing little ulcers, and 
ending by rendering the edges of the lids smooth, 
hard, and rounded, instead of possessing their 
natural delicacy of structure. 

The Salivary Glands have been already noticed 
in speaking of the mouth. There are three on 
each side — the parotid beside the ear, the sub- 
lingual under the tongue, and the submaxillary 
under the angle of the jaw. The saliva flows from 
them in great quantity during mastication, in con- 
sequence of the pressure which they undergo. — 
Nervous feeling, or even mental emotion, have 
something to do with it, however ; for the saliva 
flows from a hungry person on even seeing a piece 
ef meat; so that there is truth in the common 
phrase, which describes an eager person's mouth as 
watering. The quantity secreted in twenty-four 
hours is about seven and a half ounces avoirdupois. 
The chemical composition of the saliva (the gastric 
juice has been sufficiently treated of in Chapter 
YII., under the head of Digestion), as determined 
by Berzelius, is as follows : 



Water 


. 992-9 


Salivin 


2-9 


Mucus 


1-4 


Alkaline chlorides 


1-7 • 


Lactate of soda^ with animal matter 


0-9 


Soda .... 


0-9 



1000*7 
The Pancreas is identical in structure with the 
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salivary glands communicating with the mouth, so 
that it has heen called the abdominal salivary gland. 
It is in shape like a dog's tongue, and lies across the 
spine, below the stomach, and nearly surrounded 
by the first part of the smallintestine, into which 
its duct perforates, close to, or along with, the entry 
of the one from the liver. 

The Liver is the largest gland in the body, 
weighing in general from four to five pounds. It 
lies in the right side, close under the diaphragm, 
and over the stomach. It is connected by folds of 
the lining membrane of the belly to the neigbouring 
parts, these folds being called its ligaments. It is 
of a reddish colour, and an oval shape, its greater 
end being to the right, and its smaller one to the 
left ; its convex surface directed upward to the con- 
cavity of the diaphragm, and its concave surface 
downward to the stomach. If examined on the 
surface, or by cutting a slice out of it, it appears 
all mottled, consisting of an infinity of little grains, 
each of tvhich may be considered as a perfect gland. 
Each grain receives a twig from a great vein, which 
brings to the liver the blood which has been circu- 
lating through the rest of the belly, and each gives 
off a twig to the biliary ducts. The secretion in 
the liver differs from that in other glands, in this, 
that it is not from arterial, but from venuous blood. 
The reason of this seems to be, that as bile consists 
in a great measure of carbon, more of the material 
is furnished by the venuous blood. In consequence 
of this, a considerable share of the duty of puri- 
fying the yenuous blood, by taking away its carbon, 
is performed by the liver, and only a part of the 
business is left to be completed by the lungs, 
as described in Chapter YII., in the article on 
Respiration. The bile contains, according to 
Berzelius : — 
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Water 904-4 

Biliary matter and fat . . . . 80*0 

Mucus of gall-bladder . . . . 3*0 
Extract of meat, commou salt, lactate of 

soda 7*4 

Soda 4-1 

Phosphates of soda and lime, and sub- 

stajices insoluble in alcohol . . 1*1 



1000-0 



The liver receives a large artery for its nourish* 
ment, and branches of nerves go to it, to enable it 
to perform its functions. The gall- duct runs from 
the liver to the small intestine, allowing the bile to 
combine with the food, and produce a chemical 
change upon it. The flow of bile is always greatest 
at the time when the food is passing through the 
bowels. At other times, it passes by a side duct 
into the gall-bladder, where it is reserved till it be 
wanted. In northern climates the liver is not so 
subject to disease as in a southern latitude. In 
India, the liver is very liable to inflammation, and 
sometimes matter forms in it, and bursts externally. 
Any irritation of the liver is apt to produce jaun- 
dice, which is the absorption of bile into the cir- 
culation, so that its yellow tint predominates over 
the red colour of the blood. The liver is also occa- 
sionally subject to general enlargement, and to a 
firm condensation, occasioning dropsy, principally 
in persons of intemperate habits ; and cancerous 
growths now and then form in it, which can some- 
times be felt by laying the hand upon the outside. 

The excrementitious secretions, or excretions, are 
the urine and the perspiration. These are very 
similar to one another in their nature, and are, to a 
certain extent, vicarious ; that is, the one is able so 
far to supply the place of the other. Thus in 
winter, the perspiration is mostly suppressed, and 
th« calls to make water are much more frequent 
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than in summer, when the reverse is observed. 
Also, in those diseases of the kidneys, where no 
urine, or almost none is formed, the sweat becomes 
copious, and of a horribly offensive odour, which 
indicates that the salts of the blood, which should 
pass off by the kidneys, are escaping by the way 
of the skin.* 

Perspiration is constantly going on, although we 
may not be aware of it, and this is called the in- 
sensible perspiration. Every one knows that he 
perspires, and that if the perspiration be checked, 
as by a cold draught of air, the effect is hurtful, 
but few know the extent of the function which is 
interfered with. Lavoisier and Seguin made a 
series of experiments on this subject. The experi- 
menter enclosed himself in a silk varnished bag, up 
to the mouth, and had himself and the bag weighed, 
at the commencement of the experiment. Then, at 
its termination, he was weighed again, still re- 
maining in the bag. The loss of weight, of course, 
was lost by breathing, being the carbon and vapour 
which had disappeared. Lastly, coming out of the 
bag, he was weighed a third time, the loss this time 
being the loss by perspiration. Of course the ex- 
perimenter attended minutely to the quantity of 
food and drink which he swallowed, and made the 
requisite allowances. The result was, that the me- 
dium loss by the skin, in a day, is thirty-two 
ounces. Be it remembered that this is what we 
style the insensible perspiration. The sensible or 
visible sweat will come off in much greater quan- 
tity in a much shorter time. A strong man, acting 
as a glass-blower, will lose from three pounds to 
four pounds in an hour. It is not to be wondered 

« Dr. Thomson says that it contains the lactates of soda, potash, 
lime, and magnesia, together with common salt, sal-ammoniac, and 
traces of chloride of potassium, phosphate of soda, and phosphate of 
lime ; also, animal matter insoluble in alcohol. 

L 2 
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at, then, that these men are so much afflicted with 
thirst. 

This perspiration, it has heen said, is constantly 
going on. In dry weather, it is not observed, 
because it eyaporates immediately. In damp wea- 
ther, it stands upon one's brow in drops, becanse 
it does not get evaporating. In hot weather, it 
wets one all over, because much more of it is 
poured out, for the purpose of keeping down the 
heat, which would otherwise be insupportable. It 
is in imitation of this natural process, that we give 
a sweating powder to a man labouring under a 
fever ; he sweats all night, and in the morning he 
is found cooler, and the fever has in a great measure 
left him. 

The application of cold chills the surface, 
represses the cutaneous exhalation, and drives the 
blood inward, in too great a quantity, upon the lungs, 
or some other weak part, which is apt to suflFer. 
This is what is meant by taking cold. It is no 
wonder that serious consequences should ensue, 
where two thousand five hundred square inches (for 
that is the superficial extent of the skin) have tneir 
secretion repressed, and the blood that should fur- 
nish it, is driven in upon the internal organs. Con- 
sequently, to relieve the feeling of this taking cold, 
the plain way is to bring back heat to the skin ; 
to bathe the feet, or take a general hot bath, to 
swallow a hot gruel, or a sweating powder; and 
on turning into bed, to put on an additional blanket. 
From what has been said of the quantity of mat- 
ter which passes through the skin, it will be plain 
of what importance cleanliness is. To maintain 
this, the body should be sponged every day from 
head to foot, and rubbed dry with a coarse towel. 

The Kidneys are two in number, situated in the 
belly, one on each side of the spine. Each kidney 
is of an oval shape, with a notch in the side next 
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Pig. II. the spine (Fig. 

31.) Into this 
notch the veasela 
enter. A large 
artery furnish ea 
the materials for 
the urine; adact 
conveys it away 
when formed ; 
and a vein re.. 
moves tlie superfluous blood. In the figure, one- 
half of a kidney ia shown ; it ia ont perpendicularly 
through the middle, so aa to show its internal 
structure. From eight to fonrteen conea are seen, 
consisting mostly of straight vessela, projecting 
from that part of the organ to which the hlood ia 
rooat profusely diatributed, from whose points the 
urine distils, drop by drop, into three membranous 
funnels. These three funnels unite in the great 
bag of the kidney, from which the pipe called the 
ureter leads down to the bladder. The bladder ia 
seated in the forepart of the cavity at the lower 
part of the belly called the pelvis; it has two 
openings behind, for the two ureters, perforating 
very obliquely, so as to prevent regurgitation. 
From its front and lower part, the uretlira, or 
water-pipe, paaaes out, through which the urine ia 
to he expelled from the body. 

The Urine is a highly animalized fluid, as might 
at once be supposed, &om the rapidity with which 
it passes into putrefaction. It appears to contain 
a great deal of the waste, or worn-out parts of the 
body, particularly the saline particles. These salts 
consist of potash and soda, ammonia (commonly 
called bartahorn), which gives it its pungent smell, 
and a snbatance called urea, on which many of its 
peculiarities depend. In disease, the urine is 
aflected in varioua ways. Sometimes its quantity 
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18 increased or diminished. In the healthy state a 
full-grown man voids nearly three pints of urine in 
a day, the quantity varying in an inverse propor- 
tion to the perspiration, and in direct proportion to 
the drink taken, and to individual peculiarities. 
In dropsy, the quantity is reduced to one or two 
^ine-glassfuls ; and in a very curious disease called 
diabetes, it is sometimes increased to as much as 
thirty pints. It varies also in qualities. In the 
last- mentioned disease it becomes sweet, its salts 
are changed into sugar, which may be crystallized 
from it, pure and white. Its salts may also become 
too great in quantity for the water to dissolve, and 
then they fall down to the bottom of the bladder, 
and constitute a sediment, which sometimes con- 
cretes into stones. When stones are once formed 
in the bladder, they produce dreadful irritation, 
and require to be removed by an operation.* (See 
Chapter II., article ^^ The Skin and Perspiration.") 



* stone has long been a capital subject for quacks, who sell medi- 
cines which they pretend can dissolve it while in the bladder. All 
this, however, is mere pretension ; for anything stiong enough to 
dissolve the stone« would first destroy the coats of the bladder. 
Their medicines, in general, contain soda, which passes into the 
urine, and has the eflflect of coating over the stone, and so rendering 
it for the time less irritating ; but lays the foundation for still greater 
suflbring, by increasing iu bulk. Nothing indeed can be trusted for 
a cure, but the removal of the offending body by a surgical operation. 
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CHAPTER IX. 

OF THE FACULTY OF SENSATION AND PERCEP- 
TION, AND THE ORGANS BY WHICH MAN PER- 
CEIVES THE PRESENCE OF THE EXTERNAL 
WORLD.* 

THE SENSE OF TOUOII, THE ORGANS OF TASTE AND 

SMELL. 

The whole organs of man may be divided into two 
great classes ; namely, those by which he is 
nourished, and grows, and reproduces his kind ; and 
secondly, those by which he perceives the presence 
of the external world, and the present and past 
order of things external to him, and by which he 
reacts upon them. This division of his organism 
or whole organization is not rigorous, and therefore 
not strictly philosophic ; but it has been found to 
answer all practical, physiological, and even psycho- 
logical purposes. It explains very beautifully how 
the first set of organs are chiefly occupied with 
merely building up the frame of the body, and 
have therefore been called organic, in contradistinc- 
tion to the name given to the other or second set 
of organs, which, by reason of their seemingly be- 
longing, as it were exclusively, to animals, have 
been called animal. Thus we have organs of 
organic life, and organs of animal life. The first 
includes the organs of 

1. Prehension :— The Lips. 

2. Of Mastication : — The Teeth. 

*For the structure of the skin, and its appendages^ see Chapter II. 
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3. Of Inialivation :— The organi forming the Saliva. 

4. Of Deglutition .—The cavity of the throat called the Pharyas. 

This cavity may easily be seen by looking into the mouth ; it 
leads directly into the gullet. 

5. Of digestion in its widest sense : — In the Stomach, anoall and 

large Intestines. 

6. Of appendages of the Digestive Tube :-..Liver, Spleen, and 

Pancreas. 

7. Of absorption of the Chyle ; •The Lacteal vessels* 

8. Of circulation of the absorbed nourishing material—the chyle 

and blood:— The veins, the arteries, the heart. 

9. Of Nutrition, which includes, in some measure, the divitfons 

6, 7, and 8 :— The ultimate distribution of these yessela* In* 
eluding the absorbents. 
10. Of Respiration :— The lungs; to these maybe added the kid- 
neys, whose office is further to purify the blood. 

Now these organs construct the animal frame, 
but they do not bestow upon it that complete cha- 
racter usually called animal ; by which is meant 
the exercise of the organs of the senses, and of 
spontaneous motion from place to place, performed 
by the muscles and their appendages, the bones and 
joints : of perception of bodies external to our- 
selves ; of reflection or thought, of which a speci- 
fic or peculiar kind has been bestowed by the 
Almighty on every distinct species of animal, pre- 
cisely adapted to its position in the great scale or 
scheme of Creation; in short, those organs and 
their functions by which the animal frame may 
avoid what is hurtful to it, and approach and seek 
what is calculated to give it pleasure. The organs 
of voice and speech are here included, and the di- 
vision may be arranged as follows : — 

1. Organs of sensation :<— The inatruments of the senses: skin* 

tongue, nose, eyes, ears, and the nerves leading from these to 
the brain and spinal marrow. 

2. Of perception and ratiocination with consciousneu '.—The brain. 

3. Of perception and reflex action, but without consciousness :^ 

The spinal marrow. 

4. Of muscular action with consciousness:— The muscles and cev* 

tain nerves. 

5. Of muscular action but without consciousness i •• Certali"^ 

muscles with the nerves supplying them. 

6. Of voice:— The larynx. 
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Thirdly. The reproductive organs are con- 
sidered as entirely distinct from these two great 
divisions, and are considered apart, and merely in 
strictly professional works. If the reader now 
considers the above plan, even in any of its great 
outlines, he will immediately discover the happy 
adaptation of the functions and organs bestowed 
on each of the great divisions of living bodies, 
that is, animals and vegetables. Let him figure to 
himself the gigantic oak clothed or endowed with 
muscular power, and in brief, with the power of 
motion such as amimals possess! not fixed and 
rooted to the soil, but stepping out in straight 
lines, with or without reason, sweeping everything 
before it, and rendering the earth immediately 
uninhabitable by man ! A forest set in motion 
afirightening tho inhabitants of the earth ! On 
the other hand, nearly every animal, at least those 
possessing high endowments of such sensibility, 
possess invariably the power of withdrawing from 
what is hurtful ; and poets have described with 
much, though fanciful truth, the fate of a human 
being shut up in the form of a tree, rooted to the 
soil, sensible and alive, but incapable of moiaon. 
Such a state, could it exist, would be the most 
pitiable and lamentable of all. 

By virtue of the peculiar properties of their 
several nerves, the senses are said to make us 
acquainted with the states of our own body, and 
they also inform us of the qualities and changes of 
external nature, as far as they give rise to changes 
in the condition of the nerves ; but in so far as 
regards the states of our own body, this is true only 
to a certain extent. Of all or any of our internal 
organs, we can have no notion through our unaided 
senses ; and the phenomena of pain and of uneasy 
feelings, excited in us generally by a derangement 
or disorder of the internal organs, — such sensations 
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of pain, as they are usually called, are probably 
transmitted to the brain, the seat of conscioosneas, 
by a peculiar set of nerves adapted for this peculiar 
use or purpose. Sensation, no doubt, is a property 
common to all the senses, but the kind of sensation 
is different in each ; and thus we have the sensa- 
tion of feelings or touch, of taste, of smeU, of hear- 
ing and of seeing. But it must be carefully kept 
in recollection, that the human mind cannot per- 
ceive the external world in any way whatever ; all 
that we do perceive is merely a property, or change 
of condition, of our nerves ; now the imagination 
and reason are ever ready to make us believe that 
when we touch a body foreign to ourselves, the 
mind actually perceives the body so touched, 
whereas we merely perceive in the brain the 
change produced on the extremity of the nerve 
which has mediately come in contract with the 
material structure touched. It is the same vnth 
sight and with all the other senses, and hence 
arose the celebrated proposition of Berkley, Bishop 
of Cloyne, ^^ that as external agencies can give rise 
to no kind of sensations which cannot also be pro- 
duced by internal causes exciting changes in the 
condition of our nerves, so no proof is derived 
through our senses of the actual existence of any 
material world." Before, however, proceeding 
further with the physiology of the senses, it is 
proper the reader have some idea of their mechanism 
or structure : and first, of the organ of touch or 
feeling. 

The sense of touch is not confined to particular 
parts of the body of small extent like our other 
senses, but in its more limited sense it is usually 
confined to the external integuments of the body, 
and in an especial manner to the extremities of the 
fingers and toes. In man these parts are peculiarly 
dehcato and sensible, and the integument covering 
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the fingers is obviously endowed witli high 
capabilities ; these it owes to the nerves which 
place it in connection with the spinal marrow, and 
through it with the brain. — (See Chapter IL, on 
"The Skin and Perspiration.") We will first 
treat of the sense of touch ; next, of the organ of 
taste; and lastly, of the organ of smell. Our 
remarks, however, must be brief, — this work 
admitting of no theorizing. 

I. THE SENSE OP TOUCff, 

It is usual to consider the sense of touch as not 
confined to any particular part of the body, but 
extended over all. £veu the internal organs are 
presumed to have a kind of sense of touch. This, 
we think, in their ordinary condition, is very 
questionable. The sensitive nerves all over the 
body, whether belonging to the external integu- 
ments or not, are presumed to come from the pos- 
terior roots of the spinal nerves.* 

Sensations, as those of touch, may arise from two 
sources ; they may arise either from irritation 
applied to the nerves, or from stimuli applied to 
their peripheral extremities ; that is, to the surfaces 
in which they terminate, whether these be the 
integuments, or otherwise. Thus, the horny tissue 
and the teeth are quite insensible, and in the healthy 
state so are the bones, tendons, and cartilages. 
'When diseased, the bones become acutely sensible ; 
and it is a curious fact, that the skin itself is not 
equally sensible throughout; two small bodies 
applied to the surface are not equally well recog- 
nised at every part as distinct from each other ; 

* Most headaches Bthe merely from the state of the internal integu- 
ments of the head ; still there arc others, as has been proved by dis- 
section, which have a deeper seat, thus showing that some parts of the 
train are t ;nsibie while others are not. 
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the same happens in respect to temperature, ami 
even to pressure. 

The sensibility of the inner sttrfaces or lining 
membrane of the windpipe and organ of voice, is 
very great ; that of the mouth and of the gullet 
less so. The lining membrane of the intestines is 
not particularly sensible ; all which differences maj 
and probably do, depend on peculiarities in the 
nerves distributed to the structures respectiyely. 
The sensation of a blow, or a shock, mray arise as 
well from internal as well as from external causes. 
Thus, feeling is not the absolutely naked truth, as 
is Tulgarly supposed, since a body imagined to be 
felt, may be actually felt, by the person, and yet 
have no real existence. The sense of touch, then^ 
has its delusions like the others. 

The same remarks apply to the sensations of 
heat and cc^d, which are generally caused by ex* 
temal agencies ; the burning heat and shivering 
cold of ague is of course entirely independent of any- 
such agencies, arising solely from internal changes, 
and not remediable by any application of their 
opposites. A person in the cold stage of ague will 
continue to shiver, though immersed in a hot bath ; 
heat is not felt on the surface at that moment. 
What is called the muscular sense is a phenomenon 
not easily reducible to common sensation ; it was 
first observed by Detnot de Tracy. Thus, when 
we raise a vessel, with the contents of which we 
are not acquainted, the force we employ is deter- 
mined by the idea we have conceived of its weight. 
In descending a stair, also, the probable depth of 
the steps is accurately guessed at, or conjectured. 
Should a step be found much deeper than what 
was calculated on, the body descends very rapidly, 
or rather falls, and the person may receive a very 
severe shock. When a person ignorant of the 
weight of quicksilver first takes up a bottle oon- 
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taioing a ooneiderable qaantity of it, he is ex- 
tremely apt to let it fall, from a miscaloulation of 
the muscular force requisite, precisely as in des*- 
cending a stair, and encountering a deeper step 
than was expected. But if the attention be pre^ 
Viously roused to the dangeir, then the muscular 
forces are calculated to a nicety, and with incredible 
rapidity ; for, this, howieVer, the use of sight is 
absolutely requisite. 

The seose of touch is subject to an illusion Xit an 
Extraordinary kind, which cannot be corrected 
Even by the sight ; thus proving that the senses 
alone, unaided by the reasoning powers, are not to 
be trusted : cannot, indeed, be believed on all occa- 
sions. The illusion^ or delusion, to which we 
allude, attracted even the attention of Aristotle, so 
^rly was it observed, nor to this day has it been 
fully explained, tt is this: ^Hf we place on a 
Fig. 32. table, or on the 

palm of the hand, 
a marble (see Fig. 
82), or any other 
small globular 
body, and crossing 
it alternately with 
the fore and middle 
fingers, crossed so 
that the marble 
shall only totich 
the outer ledges, oi* 
surfaces^ of the two 
fingers, the person 
will believe that 
))e touches two marbles, although he knows that 
only one is present." There is an expression in 
the above quotation to which we would particularly 
advert, because some physiologists would seem to 
consider the circumstance as essential in the produc*^ 
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tion of the phenomenon, whereas it is not ; wc mcfin 
the touching the marble with the edges of the fingers. 
Now, any portion of the lower sur&ce of the finger 
answers quite as weU, and it is this which seems to 
have escaped the notice of the Continental phTsio- 
legists generally, which renders the explanation 
they o£Per of this curious illusion unsatisfactorj. 
The explanation generally admitted is as follows : 
The mind refers, involuntarily, all sensations expe- 
rienced at different points of the body, to the 
position in which such points are usually placed. 
Now, the crossing the fingers does not prevent us 
feeling either of them in contact with the marble, 
as if they were placed naturally side by side. Bnt 
in the habitual positiom of the fingers side by side, 
it is impossible that the outer edges of any two 
fingers be at the same time placed in sufficient con- 
tact with a single marble or other similar rounded 
body ; and thus, when such contact actually takes 
place simultaneously, in respect to the two fingers, 
effected by the contrivance of crossing the fingers, 
then the mind involuntarily believing the thing 
impossible, takes it for granted that two marbles, 
not one, must be present, and hence arises the sen- 
sation and perception of two distinct bodies. This 
is the explanation of the singular illusion we speak 
of, first off^ered by Condorcet, and maintained 
afterwards by Muller, and by many others, and we 
believe it is very generally admitted. But there 
lies against this explanation the seemingly unan- 
swerable objection, that it is not necessary to touch 
the marble with the opposite edges or margins of 
the two fingers ; the rounded surface over the pulp 
suffices. There is something, then, in the crossing 
of the fingers which we do not understand.— 
Another curious circnmstance may be mentioned in 
connection with the illusion. If the middle finger 
bo crossed over the fore-finger, which is the usual 
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mode of performing the experiment, the surface 
touched with the end of the middle finger will seem 
to us to be most remote, although, in point of fact, 
the finger is at that moment nearest to us. 

Other curious phenomena have been adduced by 
physiologists in support of Condorcet's opinion. 
If by any cause whatever the lips come to be acci- 
dentally deformed, and if we then apply to them a 
body, a glass, for example, or cup, with whose 
form we are habituated, the mind will involutarily 
refer the defoimity to the cup or glass itself, whose 
curve will seem broken, thickened, or irregular. 
It has even been asserted that those persons who 
have had a new nose supplied from the skin of the 
forehead, to replace one lost by disease or accident, 
will refer any irritation produced in the new nose, 
not to that particular part of the body, but to the 
forehead from whence the new nose was taken. 
Such remarks require confirmation. To the same 
cause has been referred the pains felt in the toes 
by those who had long previously lost their limbs 
by amputation. 

II. — THE OEQAN OF TASTE. 

The structure of the tongue, the organ of taste, 
presents stronger analogies with that of the skin 
than any other organ. Its minute anatomy need 
not be dwelt on here. Fig. 33 will give the 
reader a sufficiently accurate idea of the larger 
muscles and nerves composing the bulk of the 
organ. By consulting the explanation at the side 
of the figure, he will readily enough understand 
the general form of the organ, and its connections. 
The whole tongue is extremely mobile in every 
sense; and the strong and large muscles just 
enumerated connect it with the lower jaw and 
liyoid bones. These are also called, from this cir- 
cumstance, lingual bones, from lingtui^ the tongue. 
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Theae muaclea enter deeply into its compontion ; 
hnt there are slab nnmerons layers of mnsoles 
whicli may be called intrinaic, because they Ao not 
go to or come from any other part, bnt are limited 
solely to tiie toDgae. By mesni of thess the 



SKNSATION AND PERCEPTION. 1.0 

tongue may be elongated, and even be made to 
protrude from tbe moutb ; again withdrawn and 
forced to strike against tbe teeth and palate; or 
sweep tbe inside of the mouth, or passed up be- 
tween the cbeek and jaws. The epiglottis, or 
covering of the air passages, follows the move- 
ments of tbe tongue ; hence the danger of keeping 
the tongue protruded from the mouth, and at the 
same time attempting to swallow food or drink, or 
indeed any body whatever. All the upper and a 
portion of the lower surface, together with tbe sides 
of tbe tongue, are invested in man, and of course ia 
animals resembling him generally vfdth a reflection of 
the common integuments of the body, or at least 
with a prolongation of what is called tbe mucous 
membrane. On the surface may be seen a number 
of projecting points, called papillae, which, like all 
the rest of tbe surface, is covered with scarf-skin. 
The fur covering of the tongue, in fevers and other 
disorders, is probably an altered and vitiated secre- 
tion of this epidermis, secreted of course by the 
subjacent vascular layers. When rubbed entirely 
off at any point, the papillas are found to be most 
acutely sensible. The papillie are differently ar- 
ranged, and seem even to have different forms in 
different animals ; in man they have been arranged 
as follows : — 1st, The large, or calciform papiUse, 
towards the base of the tongue ; 2d, The conical ; 
dd. The tenticular; 4tb, Tbe filiform. These 
may all have different functions; but this is a 
point not well understood. The nerves of the 
tongue are three on each side, and they are of 
great si^. The ninth pair of nerve supplies its 
muscles, and a large branch of the fifth pair, and 
a division of tbe glusso-pbaryngeal is also distri- 
buted chiefly to its surfaces. The glosso-pbarjm- 
geal nerves — we mean, of course, the lingual 
portion-rrai:^ distributed chiefly to the surface at 
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the base of the tongue ; the fifth pair towards the 
apex ; the ninth pair to the muscles throughout. 
An injury done the ninth pair, has been known to 
destroy the muscular power of the tongue, without 
affecting its sensibility or its gustatory powers. 

The cayity of the mouth in which the tongue is 
placed, communicates at most times with another 
cavity placed immediately behind it, called the 
pharynx ; but the orifice of communication may 
be, and is frequently closed, by the descent of the 
soft palate, and elevation of the base of the tongue. 
The muscular action effecting this takes place 
generally involuntarily, or, as it may be termed, 
instinctively ; and hence the occasional necessity 
for depressing the tongue with the handle of a 
spoon, or such other body, when we are desirous 
of examining into the state of the cavity beyond it. 
Large portions of the tongue have been removed 
without much interfering with speech or deglutition. 
A deep wound at the base of the tongue generally 
proves fatal. 

In the centre of the tongue is a palate or layer 
of a peculiar elastic substance, analogous to whal 
we find in the back of the neck of sheep, oxen, and 
horses; and two large arteries supply the sub- 
stance of the tongue with blood. Corresponding 
veins return the blood from these arteries. The 
frenum, or bridle of the tongue, is a fold of mem- 
brane binding down a portion of the inferior sur* 
face of the tongue, but leaving the apex free. 
When too short in new-born children, it must, as 
observed on a former occasion, be divided by t|ie 
surgeon. 

We have alluded above to the free, though oocs^ 
sionally interrupted commuuication between the 
mouth and the cavity placed behind it — ^namely, 
the bag of the pharynx. By this aperture, aiip 
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passes as readily to the windpipe and lungs as it 
does by the nostrils. 

The Tongue, the anatomy of which we have just 
described, is admitted by all to be the organ of 
taste. According to most physiologists, it is even 
perhaps still maintained to be the only part capable 
of perceiving the sapid qualities of bodies, this 
power being denied by them to any other part of 
the month. The phreno-mesmerist himself has 
not yet ventured to assert that an infusion of quasia 
may be distinguished from sugar and water by the 
extremities of our fingers or toes. The experi- 
ments of the ingenious and accurate Weber led to 
the conclusion, that neither in the palate nor in 
any other part of the mouth is there any perception 
of taste. It is possible, however, that in this 
respect, different persons are di£Perently constituted; 
and it would appear that some individuals do really 
possess a power of tasting with the soft palate or 
uvula, and even with the ceiling of the mouth, or 
hard palate. Again much disputation has been 
held in regard to the portion of the tongue itself 
which may be supposed the most gifted with the 
perceptive gustatory powers ; nor is this an idle 
question, seeing that it has a reference to the dis- 
tribution of the nerves of the tongue. The hypo- 
glossal, or great lingual nerves, are now universally 
admitted to be the nerves of the motion of the 
tongue ; but whilst the branch of the fifth pair is 
considered by some as the proper gustatory nerve, 
others claim this function for the glosso-pharyngeal 
(see fig 33); and even some think that both nerves 
may be required, or that both are essential for a 
right perception of sapid bodies. The reader is 
here reminded, that three distinct nerves proceed 
on either side into the tongue — namely, the ninth 
pair or hypoglossal (see fig. 33) ; a large branch of 
M 2 
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the fifth pair ; and a division of the eighth patt , 
which snpplies, in part, at least, both the tooffoe 
and the bag of the pharynx, that oayity into which 
the food is received firom the month, and which is, 
in fact, placed between the month and the gnllet. 
The difficulty with regard to these nerves is this, if 
the branch of the filth pair, which snpplies the 
tongne, be a nerve of special sensation, it would 
require to be shown especially how this happens, 
seeing that the other bimnches of the same pair of 
nerves are merely nerves of common sensation. 

Cmel, and but too frequently unnecessary expe- 
riments on living animals, have shown that, by 
cutting across in the living animal one pair of 
nerves supplying the tongue, the motions of the 
tongue cease ; but this class of experiments (for 
the honour of humanity, it is pleasing to think, 
they are not a numerous class,) are by no means 
agreed as to the effects which follow a section in 
the living animal of the other nerves supplying the 
tongue. The loss of the power of taste is rare, but 
it sometimes happens, it is undoubtedly a groat 
misfortune. We have known persons so aficwted, 
terminate their career by suicide. The coinci- 
dence, however, may have been purely accidentaL 
Mechanical and galvanic stimulants applied to the 
tongue excite vague sensations, which, no doubt, 
however, bear some analogy to sensaticms of taste. 
Again — many experiment have been made to 
determine what portions of the tongue are best 
endowed with gustatory properties ; and it seems 
generally agreed, that the lower surface of the 
tongue, and the back of the upper surface, are best 
endowed with such properties. Few persons can 
taste with the point of the tongue. The anterior 
half of the upper surface of the tongue is scarcely, 
if at all, equal to the perception of sapid bodies ; 
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aud it has even been observed that certdiu sub- 
stances give different sensations when applied to 
different parts of the tongue. What is called the 
ij^ier-wnadcy seems to be of a compound nature^ 
derived from various sources. 

Taste is susceptible of education to a certain 
extent, as in the instance of wine and tea tasters. 
And there is even a sort of harmony in tastes, as 
well as in tones and colours. But different bodies 
must not be tasted too rapidly, else all power of 
discrimination ceases. It has been shown, in the 
first part of this article, how completely the tongue 
is a muscular organ, endowed with the utmost 
mobility, and also with common sensibility. It is 
therefore, an instrument, and no doubt the chief 
instrument of speech ; and with it the properties 
of bodies may, to a certain extent, be detected ; 
for the determining of these, however, the fingers 
are by far the more appropriate instruments. The 
oonditions for the perception of taste in a sapid 
body seem to be — 1st, the presence of a nerve, with 
special endowments. 2d. The irritation of this 
nerve by the sapid matters. 3d, The solution of 
these matters in the secretions of the organ of taste. 
A calm investigation of all the facts shows that in 
regard to the special functions of particular nerves 
supplying the organ, a single well-observed, pro- 
perly described case of disease in man is of infinitely 
more value than all the cruel and absolutely unne* 
cessary and therefore brutal experiments performed 
on living animals specifically distinct from man. 
'^The pressure of a tumour or swelling on the 
divisions of the fifth pair of nerves, caused loss of 
taste in the corresponding half of the tongue." 
This does not, it is true, prove that the nerve 
implicated is the sole and only nerve of taste ; but 
it proves that if the glosso-pharyngeal (see Fig* 
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83,) be the Derve, it cannot act an indepcmdeni 
part, but requires the aid of the fifth.* 

The varieties in the sensation of taste are leas 
understood than in the case of sounds and coloiunk 
The theoretical terms of taste, then, are nuknowD, 
a statement which we hope will please the taste of 
those who are constantly declaiming against theory, 
giving a preference to what they are pleased to call 
facts. And it is consoling, at the same time, to 
know that there exists nothing in the facts more 
absolutely at variance with the usually received 
physiology of the nervous system. 

We had almost forgotten to add that the tocgne 
is liable to many diseases, some of which require 
the bold and firm inteference of the surgeon. 
Bleeding caused by an injury to the tongue is occa- 
sionally restrained with difficulty, requiring, at 
times, the application of the actual cautery or red- 
hot iron. To malformation of the organ some sur- 
geons have been disposed to ascribe the impediment 
of speech called stammering ; and some very cruel 
and extremely improper operations have been per- 
formed by DiefFenbach and others, with a view to 
a removal of the complaint. Such operations are 
not warrantable ; and the operators, whoever they 
are, forget a great principle, which should regulate 
all surgeons, — ^namely, that an operation is not to 
be performed merely because it can be done, but 
rather because it is advisable and prudent to 
perform it under existing circumstances. 

III. THB ORGAN OF SMELL. 

The term Nose, as it is used in ordinary lan- 
guage, does not include all the structures required 
for the apparatus of smell. The more important, 

* If it be true that the tongue may lose its common sensibility. 
Mid yet preserve its power of ta^te, this would show the uses of th« 
ftflh pAlr to be more complex than are generally supposed. 
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and iudeed the more essential parts, as in the case 
of the eai^, are placed more deeply iu a cavitj 
formed within the bones of the face, above the 
oi^n of taste and at the entrance of the air pas- 
sages. It is a doable organ, or composed of two 
cayities quite distinct from each other. The nose, 
or the external visible part, varies infinitely as to its 
form, particularly amongst the inhabitants of Eng- 
land and the lowlands of Scotland. This so great 
variety arises no doubt, from the commingling of so 
many races of men in those countries. It does not 
seem to us, however, that we meet with the same 
variety in the form of the nose amongst the purer 
races. In the Negro, for example, or the Jew, or 
even the Irish Celt, there does not exist that extra- 
ordinary diversity of form in the shape of the nose 
which is met with among the English and lowland 
Scotch. There is then a certain form of nose 
peculiar to each race, which admits only of a 
limited range as to its varieties. In the Jew we 
have observed but three varieties as to the form of 
the nose, and these are but slight modifications of 
what may be called the primitive form of the race. 
The finest form of the organ occurs in certain 
young persons of the Jewish race ; and the same 
form precisely is to be seen in the head of the 
young Memnon, a granite bust of extraordinary 
beauty brought from Egypt, and now in the British 
Museum. This was probably the form of nose 
common to most of the ancient Egyptians. On 
the other hand, the ancient Greeks (we mean of 
the classic age) were beyond all doubt a mixed 
race, composed of Phoenician, Egyptian, Armenian, 
Saxon, and Celtic blood. Hence the infinite variety 
in their physiognomy. What is usually termed 
'Hhe Greek nose" and Grecian profile, does not 
seem to be so common in Greece as some have 
supposed. Finally, this profile and form of nose 
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is sufficiently commoQ among the Saxon race, from 
whom, probably, it was derived. The origin of the 
Roman nose is not well understood, but evidently 
it has not been derived from any Celtic race. 

In the nose, anatomists describe the summit or 
root, the dorsum or ridge, the lobe, and the base. 
In the base are the nostrils, bounded externally by 
the al89, or wings. The nose is also composed of a 
skeleton or frame-work, and of certain muscles ; 
internally, it is lined with a mucous membrane ; 
blood-vessels, nerves, and lymphatics, are found 
here as elsewhere ; tiie common integuments invest 
the outer surface. This portion of skin has its 
peculiar sympathies. Two bones, n, whose shape 
will be best understood by looking at figure 34, 
support the part we now speak of; their function is 
best judged of by observing what happens when by 
accident or disease they have been lost. The car- 
tilages which assist in forming the nose are the two 
lateral cartilages, the two outer cartilages ; and to 
these may be added the great cartilage of the sep- 
tum, or middle division of the nostrils. Thas 
modem anatomists describe five cartilages in the 
nose. Santorini, an Italian anatomist, on the other 
hand, with the minuteness peculiar to the Italian 
character, described eleven cartilages, of which five 
may be said to be fully developed, and 
Tig. 34. gix havebeen left by nature in a rudi- 
mentary state. Santorini, no doubt, 
jf^ was correct ; and the view he took of 
the matter was not only the meet 
philosophic, but, in point of fact, the 
only true view. A fibrous membrane 
connects all the artilages to each other, 
and to the adjoining bones. In figure 
84, (M show the form of the lateral 
cartilages ; hb mark the cartilages d 
the wings, oralas of the nose; and 
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ee the smaller rudimentary cartilages described 
bjSantorini. The cartilage of the septum will be 
best understood by inspecting figure 35. Aided 
by a bony plate descending from the ethnoid. 
this cartilage^ the free margin of which may be 
seen between the nostrils, and whose loss even par- 
tially is so much felt by those to whom this 
misfortune has happened, divides the nostrils from 
each other ; it is in fact the septum, or partition 
Yig'95. wall. The muscles acting 

on these cartilages have not 
yet been Tery accurately or 
minutely described ; nor the 
nerves, perhaps, which of 
course are distributed to 
these muscles. The fact 
which may most interest 
the reader is the obvious 
connection these muscles 
have with the respiratory 
or breathing system. The 
first act of the respiratory movement is to expand 
the nostrils ; and the actual condition of the lungs 
may occasionally be judged of by the state of the 
nostrils, and by the action of their muscles. The 
cartilages just described seem very naturally to. 
close the nostrils at all times when not acted on by 
their muscles. 

The skin of the upper part of the nose differs 
from that of the lobe and lower parts ; this latter 
is extremely firm, and crepitates when cut ; the 
sebaceous follicles are remarkably developed. The 
interior of the nostrils is usually shown by two 
sections, given in figures 36 and 37 ; these figures 
expose the course of the lining membrane of the 
nose. Figure 36 represents the outer wall of the 
right nostril. 




208 



8£>'SATI01f AND PERCBPTIOIT. 



Fig. 3C. 




Tbe whole of 
these sur&ces are 
coTered by the 
vascular mem- 
brane. Where it 
is first seen at the 
edge of the nos- 
tnk, it is inti- 
mately united to, 
and may be con- 
sidered continue 
ous with the skin. 
Inwardly, it is 

b, the middle turbinated bonei, eut partly prolonged tO the 
away; «, the lower turbinated bonea. ^J^Jle ear, and 

downwards through the gullet and windpipe ; it is 
extended, moreover, although modified into yarious 
bony cavities existing in tbe bones of the face and 
cranium, whose uses are far from being well un- 
derstood. The orifices of some of these may be 
seen in figure 86. The remarkable rolled- up 
structures are the lower and middle turbinated 
bones ; these are also covered with the pituitary 
membrane, and by being so rolled up are presumed 
to offer a more extensive surface for sensation than 
would have been otherwise obtained in so confined 
a space. Certain it is that the sense of smell is 
always very strongly developed when these turbi- 
nated bones are found large, and much rolled. It 
is upon this surface that the nasal tube opens, con- 
veying tbe tears from the surface of the eyes into 
the nostrils. 

Figure 37 presents an interesting view of 
both nostrils cut perpendicularly down about 
the middle ; it may be readily enough under- 
stood by simply looking at the middle partition 
separating one nostril from another. 
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Fig. S7. 




a, palate b, sinuses, or cavities ia the 



The pituitary mem- 
brane is very vascular 
and is apt to bleed 
excessively from con- 
stitutional and other 
causes ; the arteries 
are very numerous; 
so likewise are the 
veins. Hence the 
great advantages to 
be derived occasion- 
ally, by applying a 



cheelc bones. c,c, lower turbinated ieech Or tWO tO tblS 

bones, cut across. membrane, in deep 

inflammations of the nose; the plugging of the 
nostrils, on the other hand, to stop bleeding, is 
often a troublesome operation. Excrescences of 
various kinds grow from this membrane, and so, 
more or less completely interrupting the nasal 
passages, affecting the breathing; these should be 
removed by a skilful and careful surgeon. Lastly, 
two kinds of nerves at least are distributed to this 
membrane; first, the olfactory or first pair of 
cerebral nerves ; secondly, a branch from the fifth 
pair of cerebral nerves. The first are properly 
speaking the true olfactory nerves. The branch 
from the fifth is supposed to bestow on the mem- 
brane the common sensibility which with the other 
parts of the body it requires. The power of smell, 
and even its character, vary much in different 
persons. 
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CHAPTER X, 

O? THE ORGAN OF HEAUINO, AND OF THE EYE, 

I. TUK ORGAN OF HEARING. 

No one unacquainted with the mysterious 8truo«> 
turea revealed to us by anatomy, would over have 
imagined or conjectured the singular form, the high 
complexity, the inexplicable arrangement of tiie 
parts composing the organ of hearing in man. The 
visible part, usually called the ear, performs but a 
▼ery small share indeed, in the performance of the 
functions of hearing, though of great beauty when 
well formed, and highly ornamental to the humao 
head ; but the functions or uses, even of the exter- 
nal ear, have not been made out; and much less do 
we comprehend the uses of the deeper parts, and 
of the middle ear, as it is called ; of the labyrinth 
or internal ear ; and of the appendages connected 
with the organ generally. But, before speaking of 
the presumed uses of these singular structures, let 
us place before the reader a brief outline of the 
anatomy of the organ of hearing. The true organ 
of hearing, then, is contained m the substance of 
the bones of the skull, within the rocky portion of 
the temporal bone. It is essentially membraneous 
and nervous, and is called the labyrinth, or internal 
ear. This labyrinth is composed of three parts or 
divisions, contained within osseous walls ; these 
parts are the vestibule, the cochlea, and the semi- 
circtilar canivls. The precise uses of these thpea 
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difiuons of tlie kbyriatli ftre wholly nnknown, if 
Fig.S8. we except, peis 

Imps, the middle 
one or labyrinth 
which, for many 
reasons, is ad- 
mitted to he the 
eseentialporUon 
of the whole 
organ. Fig. 38 
represents the internal ear, and will give the reader 
Some idea of the osseous shell Bhuttingin themem- 
braoeona and nervouB structures fouod within the 
labyrinth ; a is an opening called a fenestra, leading 
into the cavity of the vestibule ; b is placed on the 
eemi-circular canals; c, on the cochlea. In order 
to see the contents of these cavitieB, the external 
Fig. S9. osseous wall must 

be filed off, aud 
the same structure 
will then assume 
the appearance re- 
presented in Fig. 
38. Into the Uhy- 
linth passes the 
auditory nerve, by 
means of which, no doubt, the vibrations of the 
external air are conveyed in a mysterious manner 
to the brain, giving us the sensation and perception 
of sound. On the interior of this deep, or internal 
ear, however, there is an apparatus of stractures 
called the middle ear. This is also composed of 
three parts, namely, the tympannm, which is a 
cavity; the enstacliian tube, which commnnicatea 
with the throat ; and the mastoid cells. 

In the cavity of the tympanum we find a mem- 
brane which also invests the other two divisions 
mentioned ; and, besid^ this ipembrane, ther? ar^ 
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four bones of the most singular coosiractioo, and 

uamcd from their very fornosi the hammer, the 

Fig.iu. anvil, the orb-shaped boue, 

^y and the stirrup (see Fig. 40) ; 

/^ d^A ^ M, the hammer; a, the anvil: 
^ o, the orbicular bone ; b, the 

• ^ ^ stirrup. These bones form a 

sort of chain, connecting the drum of the ear, 
which is situated exterior to them, and the vesti- 
bule, the base of the stirrup-bone, being placed 
within the opening called the fenestra ovalis, an 
opening which, we have already said, leads directly 
into the vestibule. The drum of the ear, on the 
other hand, against which the hammer bone rests, 
is a circular membrane of a peculiar structure, 
which may be more or less tense by meana of 
muscles acting on the chain of bones. 

On the outer side of the drum of the ear is the 
membraneous and cartilaginous tube, which, ex- 
tending outward, terminates in the external part 
of the ear, visible on the side of the head. If 
water, or any other liquid, be injected into the 
external opening of the ear, it does not penetrate 
further than the drum of the ear, so long as that 
membrane remains healthy and entire. The drum 
may, however, be diseased and ulcerated; and it 
has been punctured by the surgeon for a peculiar 
form of deafness, and then air or tobacco smoke 
may be forced from the throat, and made to appear 
at the external ear ; but not otherwise. A more 
minute description of the organ would not much 
avail the reader at all in understanding the mere 
mechanism, nor would it enable him the better to 
comprehend the physiology of the organ. Here, 
as in many other organs of the body, wo should 
never have discovered, by more anatomy alone, the 
uses of the structures ; of this curious fact the braiu 
and car form striking examples. 
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It is prednmed that sounds pass usually along 
the external passage of the ear towards the drum 
of the ear, against which they impinge, and cause 
it to vibrate. This passage of the ear is unques- 
tionably an important part in ordinary hearing. 
A number of fine hairs grow within the tube ; the 
walls are formed partly of the common integuments 
of the body reflected inwards. Even the scarf 
skin itself passes quite to the bottom of the tube, 
and is reflected entire over the drum of the ear. — 
Besides this, a series of small glands exist here, 
whose office is to secrete the peculiar substance 
called the wax of the ear ; a deficiency of this wax 
affects the utility of the organ very considerably ; 
80 also, perhaps, a too great abundance of wax, or 
its altered qualities. In eager listening, the mouth 
instinctively opens, and this has been supposed to 
widen the tube of the ear, by altering the position 
of the condyle of the lower jaw-bone. The dull- 
ness of hearing, in very young children, has been 
ascribed to the natural narrowness of the auditory 
tube in them ; but other causes, no doubt, contri- 
bute to this. 

In dullness, or loss of hearing, the remedial 
means within the power of the surgeon are nearly 
confined to the condition of this part of the organ, 
the external tube, and to the drum of the ear. 
For this reason, the most careful examination 
should always be made of these parts, even in those 
who have been reputed deaf from infancy, for in 
many cases the deafness may have come on merely 
during infancy, and may not have been congenital. 
In the case of a person examined by the late 
lamented Doctor Douglas, of Glasgow, who was 
reputed to have been deaf and dumb from his very 
earliest years, and no doubt, in reality, he was so, 
it was found that, on examining his ears after 
death, the tube in one was found filled with inspis* 
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sated cerameii or wax, the prepare of whiob^ 
apparently, on the drain, had caused a small open- 
ing to form in it ; all other parts of this ear were 
qaite sound, and of a healthy appearance ; in thd 
other ear, the external tube was filled with ceru- 
men, the drum was lost, the lining membrane o^ 
the middle eai^ thickened and ulcerated, and th<$ 
small bones bathed in purulent matter. Now, in 
this ear, the diseased state was probably beyond 
all remedy by art ; but not so the other ear ; whilst 
the condition of both showed, that with a dn<$ 
knowledge of the condition of the organ, and 
appropriate means, the hearing might have been 
restored. 

In the foregoing observations we alluded to thct 
practice of probing the eustachian tube in cases of 
obstruction, as well as of forcibly driving air into 
it with the view of removing the obstructions. 
Many accidents difficult of explanation have 
occurred from this practice, showing the necessity 
of caution in operating upon a part so near the 
brain. In the cavity of the ear called th^ 
tympanum are placed the remarkable chain o^ 
small bones already spoken of. The uses of thd 
cavity are not easily understood, and still less haTie 
physiologists been able to imagine what thtf 
functions of the chain of bones crossing thtf 
tympanum may be. Sonorous waves are pro- 
pagated in the line of their original direction^ 
regardless of all the inflections of these bones ; ye€ 
generally speaking, when this cavity of thtf 
tympanum is diseased, hearing suffers. Mattel 
collecting here gives rise to the most intense paid 
until it finds a vent somewhere. 

It is now admitted that senoroiis pulsatioitftf 
reach the labyrinth or inner ear in three different 
ways ; Ist, the chain of bones ; 2d, through th<» 
osseous walls directly ; 3d, across the tympanum. 
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and therefore though the aerial medium found in 
it. Scarcely anything is known of the mode in 
which the auditory nerves themselves are affected 
by sounds. In the labyrinth there is a fluid, or 
perhaps both, and probably through it the sonorous 
pulses reach the fibrils of the nerves. With a 
magnifying glass of ordinary powers the nervous 
fibres of the ear may be well seen in the ear of 
fishes without any very troublesome dissection; 
but, not of course the primitive fibrils, which 
require glasses of high power to be observed 
distinctly. Thus the uses of the various parts of 
the internal ear or labyrinth are a great mystery. 
The primiUve fibrils of each acoustic nerve have 
been calculated at one thousand two hundred ; 
now, every excitement, every concussion of these 
fibrils, gives rise to the sensation of sound, whether 
these be sonorous pulsations from without or not ; 
thus there are subjective impressions as well as 
objective sounds ; that is, sensations caused 
altogether independent of an external world. The 
same we have seen holds in respect to the other organs 
of sense, and in that of sight especially, and which 
will be more particularly investigated in the next 
article, when we come to speak of the eye. 

In respect to musical sounds, individuals and 
races of men present the most striking differences. 
In all the races of men, there are persons, and 
perhaps those very numerous, who have no musical 
ear whatever. Each race of men seems to have 
its peculiar music, just as they possess a peculiar 
form, physiognomy, mental and physical 
character, and language. No one accustomed to 
music could well mistake the music of the Russ or 
Sarmatian race for that of the Saxon or Celtic. 
What is called German music evidently partakes 
of two distinct characters marking the distinct 
origins of the present races chiefly occupying 
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Germany, viz., tbo Teutonian or ScandiiuiTiftiif 
and the Goth, Han, or Southern German, ft 
would be extremely difficult to guess at the origin 
of the Italian music, and in respect to its being 
hard to the Greek, may be remarked that the 
modern Greek, at least it is asserted, has no 
musical ear. 

II. — THE BYB. 

It is universally admitted that the eye is an 
optical instrument of singular perfection ; to ander- 
stand, in so far as they can be understood, the 
functions of its several parts, requires a knowledge of 
the science of optics, together with an acquaintance 
with the structure of the eye itself. The human eye 
and its functions will chiefly engage our attention in 
the following brief remarks. As the dissection of 
the fresh human eye is obtained with difficulty, and 
might even be unpleasant to many who peruse this 
article, the writer recommends that in its stead the 
reader place before him the fresh eye of the sheep, 
removed from the head soon after death, and witb 
a small knife, scissors, and forceps, he may, with- 
out the aid of any instruction, acquire such a know* 
ledge of all the structures as will suffice for his 
understanding the functions of every individual port 
about to be spoken of. Let him commence with 
the back part of the mass coarsely removed from 
the orbit, and he will first observe the optic nerve, 
which has been cut across at the point where it 
passes from the orbit into the interior of the cra- 
nium, on its way to the brain, in which it termi- 
nates. If the dissector follows this nerve towards 
its other termination, namely, in the eye-ball, 
removing or cleaning and pushing aside the stmc-^ 
tures he meets with, he may probably observe, and 
ought to examine, the muscles connected with the 
eye*ball; all these muscles were connected with 
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the osseous orbit before tbe eye was removed from 
the orbit; they are tbe four recti and tbe two 
oblique muscles, which all commence or are attached 
at the bottom of the orbit, or around tbe entranct 
of the optic nerve into that cavity, with the except 
tion of one, the obliquus inferior muscle. Tracing 
each of these muscles forward, be Mrill find that 
they terminate by a thin tendinous expansion in- 
serted or attached to the eye-ball. The uses of 
these muscles may be here stated generally to be, 
to move the eye-ball in every direction ; to roll it 
about with the utmost facility, and to direct the 
aads of the eye- ball towards any object we propose 
attentively examining^ In this way the axis of 
eacii eye is directed towards the same olgect, and 
the parallelism of both eyes maintained. All these 
muscles are supplied with nerves, namely^ the thirds 
fourth, and sixth, and some filaments from the fifth 
pairs, and no doubt also form the sympathetic sys-^ 
tern of nerves ; the reason why so many distinct 
pftirs of nerves proceed to the muscles of the orbit 
has never been explained, neither do we as yet 
understand the functions or uses of these individual 
iMTves and muscles. 

Let the reader proceed with bis dissection, and 
catting away or laying aside these six muscles, 
together with the elevator muscle of the upper eye- 
lid, which he may also have observed at the com-^ 
mencement of the dissection, and lying more 
superficial than the straight muscles, he will find a 
cushion of fat, with nerves passing through it in 
many directions. This cushion of fat has also its 
presumed uses ; the eye- ball, as it were, rests upon 
it, or is pressed against it by the muscles already 
spoken of: and it is said that when from disease or 
want of a sufficiency of food, this cushion has been 
absorbed into the general system, producing a re- 
markable hollownesa in the ^ye^ the animal will 

N 
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certainly dio. However this may be, there is no 
donbt a state of extreme emaciation from which no 
animal can recover. 

Having cleared away this cushion of fat, the 
reader will next observe a set of strong muscular 
fibres closely embracing the optic nerve, and 
attached all round and very firmly to the eye-balL 
This layer of muscles is peculiar to the lower ani- 
mals, not being present in man ; he need not there- 
fore regard it, but cut it freely away, and clear at 
once all the outer surface of the eye- ball, observing 
carefully the point where the optic nerve enters the 
globe of the eye. The part he ought next to exa- 
mine is the strong nerve forming the exterior of all 
the back part and sides of the globe of the eye — a 
white fibrous tunic bf very considerable strength. 
Into the forepart of this tunic, which is called the 
sclerotic, is inserted a circular^ and perfectly trans- 
parent convex plate (the cornea), like a window. 
Through this transparent lamina the rays of light 
penetrate into the interior of the eye-ball ; a nue 
membrane, also transparent, connects this plate or 
cornea and the eye- ball generally, to the eye-lids. 
The uses of all these structures will be considered 
by and bye. 

By cutting into the tunica sclerotica, or other 
fibrous protecting covering of the eye, the reader 
will perceive immediately subjacent a dark mem- 
brane covered, outside and inside, with a pigment. 
This membrane is the choroid ; it is extremely 
vasular, and through it at the back part, as like- 
wise through the sclerotica, the optic nerve passes 
into the interior of the eye. Let the dissector now 
remove a portion of the choroid with his soissors 
and forceps, and underneath he will find that layer 
of nervous matter called the retina, in immediate 
connection with the optic nerve, thought by some 
to be an expansion Qf it, and constituting the moat 
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important part of the organ of yision, for whose 
protection indeed all other parts are formed. Be- 
fore considering the uses of all these parts, let the 
reader proceed with his dissection, for without 
having first seen its structures, it is quite impos • 
Bible for him rightly to comprehend any discussion 
on the uses of these structures. 

If he now scrapes off a small portion of the layer 
called the retina, he will find that it is supported 
by a very considerable rounded mass, of a perfectly 
transparent substance, like jelly or melted glass ; 
hence called the vitreous humour, and, more 
recently, by Dr. Blainville, the vitrine of the eye. 
This substance is enclosed in a membrane also per- 
fectly transparent. Thus, passing through succes- 
sive layers of membranes placed over each other, 
like the layers of an onion, the dissector arrives at 
the transparent humours filling up the interior of 
the eye-ball, and composing by far the greater 
part of it. These humours are three in number, 
yiz., the aqueous, the cr3r8talline, and vitreous. 
The best way to examine them is to make an open* 
ing into the transparent lamina called the cornea, 
whence the aqueous humour will immediately 
escape ; its quantity and appearance may thus be 
estimated and understood — next cut away the 
whole of the cornea, and thus expose the moTeable 
circular curtain called the iris ; in the centre of the 
iris will be found an opening which is circular in 
man, but not quite so in the eye of the sheep. 
This opening is called the pupil of the eye, and is 
spoken of in common language as if it were a real 
existing body, whereas it is merely an opening in 
the iris. By passing a probe through the opening 
the dissector touches the capsule of the lens or 
crjTstalline humour; now, to get a satisfactory view 
of the lens and vitreous humour, let him cut away 
all the tunics, when these humours will be left on 
N 2 



SSO OBOAM OF BSABIKO, AXD TBB BTB. 

tlie table, connected together hj thtnr tnnios, nd 
freed from all otber oonDeetiona. 

Fl,. «. •'ig- «1 »C« 

vertical a 




aitive inem- 
brane, or re- 
tina; I, tb« 
iria ; f, the vitreous humonr, ^cloeed in iti cap- 
anle ; o, the less, enclosed ui its oapmle ; h, Um 
aqueoaa humonr ; A, the cornea. 

Figure 42 is an external view of the oye-taU; 
figures 43 and 44, views of the lens, or crTstalUne 
bnmuur, prepared so as to show its riDgolar filvons 
and lamiuated Btructnre. 




The esBenoe of the oruui of vision, vrberever 
found, consists in " a series of transparent madiB 
being placed in front of a special apparatus;" that 
is, ^ an expansion of a portion of the nervotn 
•yatem having interposed between it and tba ««* 
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ternal world a series of transparent media, each 
possessing powers of refitaotion, and otherwise 
modifying the rays of light proceeding from lumi- 
nous bodies through these media, until they 
impinge or affect the retina, that is, the sensitive 
organ. The surface of the eye-ball, in the young 
and healthy, has a peculiar lustre, which it loses 
as soon as tlie frame sufto from debility, exhaus- 
tion, or distress of mind. The lustre may either 
be simply healthy and natural, or morbidly exalted, 
as in passion, and during the accession of intense 
fever, and in mania and delirium. The immediate 
cause of the lustre of the healthy eye is probably the 
action of the muscles of the eye-ball maintaining it 
firmly in its place, pressing it against the fatty 
cushion against which it rests, and giving to it, in 
short, that tension necessary to render the cornea 
prominent, clear, and ifull. In general, as life ceases 
the lustre departs, although there are exceptions to 
this, which it would not be difficult to explain. As 
life ceases, all the muscles of the body lose a part, 
at least, of their general tone, and so also do those 
within the orbit. A curious fact having reference 
to this, was first noticed by Dr. John Barclay. As 
he was preparing, by dissection, some sheep's eyes 
for demonstration to his class, he accidentally 
squeezed one of them firmly in his hand ; as the 
pressure continued, the cornea became at first bluish, 
and afterwards more and more opaque, until it 
seemed to have lost altogether its admirable 
quality of perfect transparency. On relaxing the 
pressure, the cornea recovered its transparency. The 
cause of this has never been explained ; but, as it 
is a &ct that the cornea loses something of its 
transparency by strong pressure exercised on the 
e3re-ball, the circumstance may, perhaps, explain 
the confused and indistinct vision of persons labour- 
ing under the delirium of passion, in whom the 
N 3 
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muscles of the whole frame become violently agi- 
tated, a condition extending, no doubt, to those 
within the orbit. But indistinctness of vision does 
no doubt arise in those who are passionate or men* 
tally disturbed from another cause, which we will 
shortly explain. 

The human eyes, then, like those of all other 
animals, possess in health an admirable lustre, 
though they never glare* like those of the lower 
animals. All that the poets have written about 
this, is, as usual, mere nonsense, and contrary to 
truth, to which they too often pay no respect. 
But there are phenomena to which they have at- 
tended, which being more in accordance with phy- 
siological laws, may here be noticed. A person 
intoxicated, or in a frenzy of passion, or agitated 
with fear, and in deep terror, sees objects double ; 
that is, he has lost for the time the power of direct- 
ing aright the axes of both eyes towards one 
object ; hence there may be more literal trutb in 
the remark than at first appears, 

*' Fear doubled hit enemies." 

Adverting now to the uses of the yarions pnrta 
of the eye, we may mention first the aqaeooa 
humour. It is to it that the cornea owes its fall- 
ness, and when this is punctured, the humour 
escapes very readily. It is as readily restored, 
however, by the ordinary powers of the animal 
economy. Of the iris we have already spoken. 

* Whilst dissecting tlie eye of tlie slieep, or, horse, or dog, or ind««d 
of most quadrupeds, the dissector wili obtetre, besides mAny other 
specialities peculiar to each species of animals, that a portion of the 
choroid towards the l>ottom of the eye, or iu inner surflsce, hat a 
bright metallic lustre ; this appearance is called the Tapeturo, and It 
is this which gives to the eyes of these animals, the power of glaring 
in the dark, or when the most olwcure light is present. Mao has no 
such structure, and therefore bis eyes never glare. 
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!■ the eyes of the Skxon race it is of a blue or 
gnsjr colonr ; in the negro quite dark, thus par- 
taking of the general system of Colouration of the 
whole body. Letters have been fantastically read 
on it by heated iinAginators. Its meet remarkable, 
and as yet Inexplicable faculty, is that of eo narrow- 
iog and expanding as to alter the dimensionB of the 
ojronlar aperture found in ita centre (the pupil), 
thns admitting more or less fully into the interior 
of the eye the rays of light, This admirahle and 
wonderful faculty in the iris was known to AristotIe> 
It could not, indeed, hare escaped the notice of any 
observing person. Moreover, if a person be de> 
Mred to look at a very near otgect, aod the moY»- 
ments of the iris be watched, it will be seen to 
contract almost to a point until, the efibrt becoming 
painful, it suddenly relaxes, and the pupil is re- 
stored to its former average dimensions. If he then 
be desired to look at a distant object, the pupil may 
Wit. u. be seen to dilate. To explain 

these movements, phyuologists 
have been forced to presume the 
existence of certun structures 
I in the iris which have not been 
I fully proved; namely, radiating 
muscular fibres, and a sphincter 
milscle, see Fig. 45, which re- 
presents the interior surface uf 
the iris ; h, the base by which it is fixed to the 
choroid tunic and annnlus albns ; p, the pupil ; r, 
the radiating fibres ; «, the sphincter. 

Upon the whole, however, physiologists are 
agreed that it serves at least the same purpose as 
the diaphragm placed in the optical instruments to 
correct, or prevent, the indistinctness of vision 
■rising from the spherical aberration of the lenses. 
The iris abounds witli blood-vessels, and is well 
supplied with nerves. Of the refiwting media 
M 4 
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placed within the eye- ball the lens is admitted to 
be the most important; it serves, in fact, the 
purpose of a magnifying glass or lens of very great 
powers placed within the eye. The lens is said to 
be without structure, and without blood-vessels or 
nerves; in this respect, therefore, it is an excre- 
tion, and has been compared to the hair, nails, and 
teeth. It is certainly quite free in its capsule, 
which contains, besides, a small quantity of liquid 
termed the liquor of Morgagni. in this liquid of 
Morgagni recent observers have noticed some sin- 
gular spin die- shaped bodies. The surface of the 
lens is soft and cellular, but underneath this it is 
fibrous and laminated like an onion, and is, more- 
over, said to ])osses8 an arrangement of matter 
which no art has yet been able to approach ; 
namely, a progressively-increasing refringent power 
by a density progressively increasing from the cir < 
cumference to the centre ; such an arrangement,' 
no doubt, contributes to correct in the human eye, 
that phenomena called irization^ found to exist in 
certain telescopes. 

It has occurred to the writer to observe many 
peculiarities in vision, which, though noticed merely 
in individuals, may yet characterize numerous 
clai^ses. He has known nervous persons of the 
very finest and nio^t acute sight, who could not 
employ or use a common botanical lens or magni- 
fviiig glass ; their sight did not seem to require it. 
Moreover, it is a great mistake to suppose that 
what one person sees readily should be as readily 
seen by others possessing sound vision. The eye 
must be exercised, and many who have not pre- 
viously seen the object can with great difficulty be 
instructed how to look for it. A few years ago 
ISir John Herschell discovered, with the aid of a 
microscope of high powers, an arrangement of 
matter hitherto unobserved ; he published the fact. 
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but although carefully looked for, some of the 
first observers in the kingdom failed in rediscover- 
ing^ it. At a meeting with Sir John HerschelJ, 
Sir D. BrewDter mentioned the circumstance, when, 
with a slight modification not attended to by them, 
the structure in question was made manifest to all. 
A remarkable proof of the difficulty of pointing 
out, even to the most acute sighted of men, an object 
which they have never seen before, or which, 
from its magnitude, or form, or colour, or diminu- 
tive size, is altogether different from their precon- 
ceived notions, occurred to the late lamented Dr. 
Douglas, of Glasgow, while residing on the fron- 
tiers of the colony of the Cape. After the expul- 
sion of the Amokoss Cuffre race from the territory 
watered by the Koonap, Kat, and Keiskenne 
rivers, by the British in 1820, it was deemed 
advisable by the colonial government to declare 
the territory for the future a " Neutral Territory/' 
which was not to be occupied nor encroached on 
permanently by either race, British or Caffre. 
Into this tract of country the '^ wilde," or game 
and wild beasts as we term them, rapidly returned ; 
the absence of man, the agreed enemy and chief 
destroyer, offering them every security. Into this 
territory, as a precautionary measure, ''patroles" 
^of small parties of armed men were sent by the 
Bricish ; small detachments, in fact, from the regi- 
ments stationed on the frontiers. One of these, 
(oasistii g of fourteen men, and commanded by 
£n»ign (J , the doctor accompanied, his prin- 
cipal object being to ascertain the precise junction 
of the Kounap and Kat rivers, a spot which, so 
far as he could learn, had never been visited by 
any European. Now, it happened that neither 

Ensign C , nor any of his party, had seen an 

elephant, a circumstance which was incomprehen- 
sible to the doctor, seeing that they had so fre- 
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quently patrolled over a district which he knew to 
abound not only with elephants, but with every 
sort of ''wilde." Accordingly, he promised bim 
that before the close of the third day (the limit of 
the patrol) he would most certainly be able to 
point out. to him a drove or two of those animals* 
for he knew that they visited that district in 
droves of three or four hundred at a time. Thdt 
first day's route lay along the high lands con- 
nected with the course of the Koonap river, which 
the elephants had for the time seemingly aban- 
doned, as none were met with ; but on the fore^ 
noon of the second day, having crossed the Koonap^ 
and as they marched towards the point the doctor 
was desirous of examining, namely, the junction of 
the Kat and Koonap rivers, he discovered at the 
distance of about a couple of miles a drove of 
elephants of at least three hundred in number. A 
grassy plain, on which grew a few scattered mi'*' 
mosas, lay between the party and the wooded hill* 
on the northern slope of which, scattered over its 
whole surface, grazed the msgestic animals they 
were in search of. The hill was a portion of a 
range of hills dividing the territory they were now 
in from the wild, desolate, and unprofitable district 
of the Great Fish River ; it was, like the others, 
not covered with forest trees (for there are, pro« 
perly speaking, no forest trees there), but with tall 
bushes, some of them fifteen or twenty feet high^ 
and only partially covering the sides of the hiUi 
the brown clay suil appearing at inter vals« We 
mention these circumstances as they tend to explain 
the singular occurrence which next took place.— ^ 
The instant Dr. Douglas saw the side of the hill, 
it was easy for him, the appearance being quite 
familiar, to distinguish hundreds of elephants quietly 
browsing on the tall bushes covering its sur&ce^ 
and he pointed them out to Ensign C and 
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his party ; but although they gazed at the hill and 
at the elephants, which the doctor distinguished so 
cl^rly, none of the party could discern a single 
animal. It was in vain that these enormous living 
masses moving among the bushes, which they at 
times obscured with their enormous bodies were 
pointed out. The movements of the proboscis, 
and the gambols of the young, were all distinctly 
visible to the experienced eye — ^to the military 
party they were totally invisible. Ba£3ed in his 
efforts to enable the party to discover the drove,^ 

Dr. Douglas, with Ensign C , rode gently 

forward toward the base of the hill, when, coming 
within about a mile, the whole drove became at 
once visible to the ensign, who stood transfixed 
with astonishment ; first, at the sight, and after- 
wards at the difficulty he had experienced in dis- 
covering objects of such magnitude ; whenever,, 
indeed, the precise outline of one elephant was 
clearly made out, all the rest became apparent; 
the difficulty seemed to be the clearly perceiving 
one. None of the party left on the verge of the 
plain made them out. 

Another observation, something similar in oha-r 
racter, is a seeming narrowness of mental and 
bodily vision, disabling the person from grasping 
at one view all the details of an object presented to 
him. The result is, that the whole is unintelli- 
gible, by reason that he sees it only in detail. 
Many remarkable instances of this deficiency have 
occurred during the exhibition of the great northern 
whale in the exhibition rooms of the Royal Insti- 
tution in Edinburgh — numerous highly educated 
persons were found altogether unequal to the 
making out of the form of skeleton, as exhibited, 
although to others of a wide verge of mental and 
bodily vision nothing was more distinct. It would 
be difficult to say how this arises ; with some it 
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might be owing to their precooceiTed notions of 
the rektive bulk of indiyidual parte haTing had so 
strong hold of their minds as to disquahfy them 
from conceiving or perceivii^ in nature forms so 
di£fareut from those with which they were fiuniliar. 
Another peculiarity in the Tision of different 
persons is the power of rapidly adapting the eye to 
various distances. This is essential to the sports- 
man, to the observer, to the engineer, in short, to 
all men who pretend to be observers. The seat or 
cause of this fiEu:ulty, which the eye possesses, has 
never yet been well explained : some ascribing it 
mainly to the iris : others to the external musdes 
surrounding the eye-ball : and others to a peculiar 
ring or circle called the annulus albus, whose posi- 
tion is neaj the junction of the cornea and the 
sclerotic tunic. On whatever this function of the 
eye depends, certain it is that all men possess it, 
but in very limited degrees; mere children, for 
example, have it in a very inferior degree, whilst 
in some military men, with the very best vision, 
it is so slowly increased as to be of no use to them 
in the field. Dr. Douglas relates another incident , 
or two in relation to this phenomenon of the sight. 
^' I well remember," says he, ^^ an officer whose 
sight was remarkably powerful, and who could, 
once the object was fairly seen by him, make out 
all the details at incredible distances ; but the diffi- 
culty always was, to get him ' to see the object ;' 
once seen, he saw it better than any of us. On- 
this principle I feel disposed to explain how it is 
that many persons will travel over strange lands 
and see nothing ; I rode once, with another officer, 
tlirough a lovely valley full of game ; in half an 
liour 1 counted at least forty head of game, from 
the rhinoceros to the partridge ; my friend returned 
exactly as he went — ^lie had seen nothing." Caille, 
who says he travelled from the mouth of the 
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Gambia to Timbuctoo, and never saw a wild 
animal, must have resembled Dr. Douglas's friend 
in tbis respect. Wben the lens become opaque, 
so as to shut out the rays of light from coming in 
contact with the retina, the disease is called cata- 
ract, and the opaque body must either be remoTed 
from the axis of vision, broken up, or taken from 
the eye altogether. This is quite a common sur- 
gical operation. A question has arisen as to the 
fact, whether or not the lens so removed is replaced 
by another ; this may happen in very young persons, 
but nevar, we should think, after fifteen years of 
age ; glasses then supply the place of tlie absent 
lens. The vitreous body, and its hyaloid capsule 
are perfectly transparent; when this humour is 
lost in large quantities it is never restored ; limpid, 
slightly albuminous, viewed by some as a semi- 
solid body, its true nature is not well understood. 

The retina (see Fig. 41.) or the expansion of the 
optic nerve, as some are pleased to consider it, is 
the most difficult to examine of all the structures, 
and the least understood. The (xermans point out 
arrangements in its ultimate form, which have not 
been confirmed, either in America or Great Britain. 
The membrane, which is a complex, and not a 
simple one, is still presumed to be the immediate 
instrument of vision, and to form the harder sur- 
face upon which is depicted the image of all external 
bodies seen by us. These views are quite hypo- 
thetical, and are rendered even improbable by the 
fact that, in the axis of vision, where alone we 
perceive and see distinctly, the pulpy or nervous 
retina is wanting ; there is, in fact, a hole in the 
membrane at the point where we see best ; where 
the optic nerve enters is the punctum non videns^ 
or point at which we do not see. The range of 
distinct perception is extremely limited; of this 
truth any one may satisfy bimsdf by endeavouring 
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to count the books on a shelf, when he will find 
that he cannot count more than one properly, or 
two at most, without continually shifting the axis 
of vision. 

The choroid tunic is the vascular and varnishing 
membrane of the eye ; it converts the eye into a 
camera obscura. The sclerotic is the protecting 
fibrous membrane ; the uses of the other parts of 
the eye have been already referred to. Both eyes 
are required to decide with due precision on the 
distance of any very near object, although it seldom 
happens that both eyes have equal power ; nay, in 
numbers of persons one eye is found to be alto« 
gctber or nearly useless, although this could not be 
surmised from any external appearance. 
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LIBRARY FOR LITTLE FOLKS, 

A SERIES OF SIXPEIRY BOOKS, 
B Y A- M. <Sd, C. E. SARGEANT. 
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EXTRACT FROM PREFACE, 
ADDRESSED TO THE READERS OP '^ THE LIBRARY FOR 

MTTXiE FOLKS." 

Ify DSAR LiTTLB FRIBKDB, 

Little ftiendt we may call you aU$ though there will, of course, be de- 
grees of comparison— Little, less, and least — amongst the readers of the 
•« Library for Little Polks." Some will have attained the important ages of 
eleven or twelve, and they must have food for the mind befitting that age; 
others will have arrived at eight, nine, and ten. But many who Are not more 
than six or seven will, we hope, be learned enough to read some or the books in 
this " Library," and to suit such, some will be printed in large letters. 

The *< Library" will contain amusing stories, pleasant conversations on a 
great many interesting and instructive subjects — mostly on the wonderful things 
in Nature; and now and then a History of some well known person : you know, 
1 suppose, such Histories are called Biography. This sort of reading you will 
find quite as amusing, and a great deal more useful, than books about Giants and 
Fairies, and wild adventures. Every l>o(>k we read ought to make us wiser and 
better, and it need not be dull or dry because it is Intended to do so. 

bhould you learn something that is good from erery little book, you will 
of course be at the end of the year a great deal wiser and better than you are 
now; and then you will luve cause to be glad that you laid out your money in 
buying ** The Library for Little Folks." 

NEW YEAR'S NIGHT AND PAPA'S BIRTH-DAY. 

THE STEP-MOTHER; or, THE BRRESFORD FAMILY. 

MARY AND MINNIE; or, THE LITTLE GIRLS* QUESTIONS. 

ACTIVE KINDNESS ; or, THE LITTLB NAIL-MAKER, UNCLE JOHN'S 

PARTY, AND THE ITALIAN BOY. 
THE BLUE SILK FROCK; or, CELIA'S VISIT. 
WALKS WITH MAMMA. 

THE GOOD PASTOR ; Oh. THE LIFE OP JOHN FREDERIC OBERLINi 
FANNY WOODBORNE; or. THE PEARL-STRINGER. 
MAMMA'S STORIES. 

THE LIFE OF CHRISTOPHER COLUMBUS. 
STORIES FOR BOYS. 

Sll«o at Sixpenre cad), 

THE BOOK OF ANIMALS,with cuU. ) THE BOOK OF BIRDS, with cuts. 
BLIND ALICE; or. Do Right, if you wish to be Happy. 
JESSIE GRAHAM: or. Friends denr, but Truth dearer. 
FLORENCE ARNOTT; or. Is she Generous ? 
GRACE AND CLARA; or. Be Just as well as Generous. 
THE COUSINS AT WOODVILLE: or. Disobedience I'unished. 
LEONORE PERCY; or, The Deserted Daughter. 
The WHITEHOUSE FAMILY, by Lily May. 
ELFIE WASTROM, by ditto. 
OLDCASTLE GLEBE; or. Truth and Falsehood. 



LONDON : PaRTKIDGE & UAKEY, 34, 1»A rEllNOSTEil liOW. 

j^nd nmy be had of aU Booksellers. 



NEW WORKS BY ANNE MARIA SARCEANT. 
THE HOLLY-WREATH; 

A PLBA8ANT COMPANION FOR A LBISURB HOUR. 
SlegafUly bound and CHlt, vUh averai Engravings pria 2$, M. 



Handsomeljf hound in Vlot^, price One Shilling^ 

TALES OF LONDON LIFE. 

COITEITSI 

^Iflttodaetion." " The Crimioa Damask Window Cttrtatni." «' Oe Jutt befon 
Vott are Oenerotts." " The Patroneu.** <« The Artist* • Daughter.'* 
. ** * Fortune Seekers and Fortune Makers." " Just too Lale.^ 



AltOf price One Shilling , 

TALES FOR MY OWN SEX. 

COITEITS. 

■^Introduction.** " Home Duties.*' " The Blue Stocking.' •«The 
Whisperer." " A Lesson for Wives.** " Couain Annette.** 

« The Ball Dreisei.'* 



Itandeomtly hound and Oilt, with numerous Illuttrations, price \$, Hi* 

FIRESIDE LESSONS ON THE NATURAL 
HISTORY OF THE BIBLE, 

IN SIMPLE AND FAMILIAR CONVERSATION. 

A BOOK FOR MOTHERS; , 

on, ^ 

BIOGRAPHIC SKETCHES OF THB MOTHERS OP ORBaT AND 

GOOD MEN. 

fcJY C. E. SARQEANT. 
Neatly hounds price One Shilling, 



LONDON : — PARTRIDGE & OAKBY, 34, PATERNOSTER ROW. 

I jind may be had qf ^^ Booksellers, 
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